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Editorial 





Life at a price: the implantable-defibrillator 


Electrical reversion of ventricular fibrillation has a long and 
fascinating history. Kouwenhoven, Zoll, Lown, and Pan- 
tridge through their contribution to defibrillator develop- 
ment have saved countless lives, but they did not foresee 
the automatic implantable defibrillator. For years, Michel 
Mirowski battled against problems, some technical others 
political, to develop a reliable automatic implantable 
defibrillator.’ Its initial acceptance into clinical practice in 
the United States was uncharacteristically cautious. 
Doubts were raised about reliability, longevity, and 
implantability (the unit weighs up to 250 g with a volume 
of 145ml). Rumours were broadcast of runaway 
defibrillators, bystander shocks, swimming pool hazards, 
and resistance to external defibrillation. Ten years after the 
first human implantation, the success of the new generation 
implantable defibrillators is silencing the critics. Over 
10 000 units have been implanted world wide, most in the 
United States, for a broad and at times remarkable range of 
indications. 

The crucial breakthrough in the development of an 
implantable defibrillator came from establishing that the 
epicardial energy requirements for defibrillation of the 
human heart are an order of magnitude less than those for 
transthoracic defibrillation. None the less, substantial 
problems had to be overcome to miniaturise a unit capable 
of delivering scores of 20-35 J shocks. Improved battery 
and capacitor technology has given a margin of safety but it 
remains a vital part of the implantation that the epicardial 
electrode patches through which the shocks are delivered 
are sited in areas with the lowest possible energy 
requirements for reliable defibrillation. Modification of 
electrode characteristics, electrode numbers, shock num- 
bers, and the energy envelope will allow further reductions 
in energy requirements for defibrillation. Low energy 
shocks have important advantages. They use less battery 
power and thereby increase device longevity; they use 
smaller batteries and capacitors, which reduces the size of 
the device; and low energy shocks are better tolerated by 
patients. The electrical benefits of delivering shocks 
through epicardial patches are offset by the clinical dis- 
advantages of the thoracotomy, albeit limited, needed for 
their placement. Transvenous defibrillating electrodes are 
' proving an effective alternative to epicardial patches and 
they reduce the procedure for defibrillator implantation to 
little more than that required for a permanent pacemaker. 

Reliable automatic activation of an implanted 
defibrillator is both an absolute clinical necessity and a 
major technical challenge. Failure to detect a ventricular 
tachycardia may prove fatal whereas inappropriate delivery 
of a shock during normal rhythm will cause patient distress 
and could provoke lethal arrhythmias. Arrhythmia sensing 
usually depends upon the absolute heart rate or the pattern 
of heart rate change or both. Positive identification of 
ventricular fibrillation is an ideal that has been attempted 


with “probability density function” analysis of elec- 
trograms.” It is based on the principle that during ven- 
tricular fibrillation there are no periods of electrical 
stability corresponding to the isoelectric line in other 
cardiac arrhythmias. Unfortunately, local electrograms 
during ventricular fibrillation may not show the disorgan- 
ised electrical pattern that characterises the surface elec- 
trocardiogram. Further, the myocardium sensed may be 
subject to entry block and therefore will not reflect the 
rhythm in the rest of the myocardium. Detection of 
ventricular tachycardia is even more demanding because its 
rate may overlap with rates seen during sinus tachycardia 
or atrial fibrillation.* Current systems are not perfect, and 
inappropriate shock delivery (false positive arrhythmia 
detection) by implantable defibrillators has been reported 
in up to 14% of patients.‘ Failure to recognise a ventricular 
tachycardia (false negative) is less common.’ * 

Implantable cardioverter defibrillators, antiarrhythmic 
drugs, and surgery all have a role in the management of life 
threatening ventricular tachycardia. The relative merits of 
each need to be examined. 


Drugs 

Drugs used for the control of life threatening ventricular 
tachycardias are chosen empirically because there are no 
reliable criteria that predict the profile of responsiveness of 
a particular ventricular tachycardia. Once selected, the 
efficacy of treatment should be tested by programmed 
electrical stimulation. Multiform ventricular tachycardia 
and ventricular fibrillation pose difficulties. Their control 
by antiarrhythmic treatment is less certain than for sus- 
tained uniform ventricular tachycardia and there is still 
debate regarding the value of electrophysiological testing 
because multiform ventricular tachycardia and ventricular 
fibrillation may be non-specific responses to vigorous 
stimulation and thus may be indistinguishable from the 
native event. Medical treatment (electrophysiologically 
tested) is successful in only 40% of patients with life 
threatening ventricular tachycardias. For them, continued 
long term treatment is associated with a 90-95% survival 
rate and freedom from arrhythmia at one year.’ Those 
who do not respond and those given empirical antiarrhyth- 
mic treatment without electrophysiological confirmation of 
efficacy, fare much less well (30-50% one year survival and 
freedom from recurrence). The results of electro- 
physiological testing of amiodarone may be difficult to 
interpret but even untested treatment with this agent offers 
a >80% one year survival and freedom from arrhythmia 
recurrence.’ Left ventricular depression and arrhyth- 
mogenesis are important unwanted effects of antiarrhyth- 
mic drugs that may seriously restrict their use. Other 
unwanted effects are usually tolerable if the agent prevents 
life threatening recurrences of arrhythmia. 
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Operation 

Surgical management of ventricular tachycardia has many 
attractions; it offers the prospect of a cure, allows other 
corrective surgery (coronary artery bypass grafting etc), 
and is relatively inexpensive. But operative risks, the 
specialised nature of the mapping procedures, and 
problems of postoperative myocardial function are major 
detractions. Because ventricular fibrillation affects most if 
not all of the ventricle and does. not originate from a 
circumscribed focus (as does ventricular tachycardia), 
prospects for surgical treatment of this arrhythmia seemed 
bleak. New mapping strategies and the development 
of surgical procedures that raise ventricular fibrillation 
thresholds may yet extend the usefulness of surgery to this 
arrhythmia.” Ventricular fibrillation caused by ischaemia 
should be managed by revascularisation—a strategy that is 
particularly applicable to patients resuscitated from out-of- 
hospital ventricular fibrillation who have coronary artery 
disease but have not suffered an acute myocardial infarc- 
tion. The results of map directed antiarrhythmic opera- 
tions are varied and patient selection is important to 
outcome. Operative mortality ranges from 7% to 27%" but 
nearly all survivors (94%) are alive a year later.” 


Implantable defibrillators 

Implantation of a cardioverter defibrillator carries a small 
risk (1-2% mortality) and even very sick patients, par- 
ticularly those with severe left ventricular depression, 
tolerate the procedure well.’*!! Recent efficacy figures 
indicate a 1% one year and an 8% five year sudden death 
rate.* Manufacturers of the devices not unnaturally tend to 
quote such statistics but overall mortality figures in the 
same study (that is, total mortality) are 4% at one year and 
26% at five years.* In the United States and in parts of 
Europe, defibrillators are being implanted on a scale 
beyond: belief. A past history of a life threatening ven- 
tricular tachycardia or the inability to exclude the risk of 
such an event in the future may be sufficient to identify 
candidates for these devices. But many ventricular 
tachycardias are single unique events that are unlikely to be 
repeated—for example, when they occur in acute phase 
infarction. Covering a risk, however small, and offering 
protection at all costs has a humanitarian appeal but in the 
United Kingdom these are unrealistic health strategies. 
Unnecessary implantation is a profligate use of resources 
and creates falsely optimistic survival figures because 
patients not at risk of arrhythmic death are counted as 
defibrillator recipients. Appropriate device discharge is the 
best endorsement of implantation. Reports that only 58% 
of patients have received a shock in some series* must raise 
concerns about patient selection. Implantable defibrillators 
are not without their problems—extrusion, infection, lead 
problems, arrhythmogenesis (most series report patients in 
whom new arrhythmias develop or in whom the index 
arrhythmia becomes more troublesome after implanta- 
tion), and psychiatric disturbance.’ 4" % 


Outlook 

What of the future? Implantable cardioverter defibrillator 
technology will advance. Back up bradycardia pacing, 
automatic cardioversion/defibrillation selection, anti- 
tachycardia pacing, and miniaturisation will be available— 
but at a price. Competition eventually will drive down costs 
although the substantial development investment must be 
recouped in some way. “Hype” and fashion will encourage 
us to buy the latest technology, which may over-provide for 
clinical need. Antiarrhythmic surgery will stagnate until 
the differences between cure and palliation are better 
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appreciated. New antiarrhythmic drugs will appear but 
they will be better versions of currently available com- 
pounds rather than agents with dramatically new features 
likely to increase the number of patients who respond. 

What of the present? The evidence is that automatic 
implantable defibrillators work. The reality is that their 
implantation is easy and demands neither great skill nor 
complex equipment. Defibrillators are already available 
but they have yet to make an impact in the United 
Kingdom. The problem is not apathy but rather price. 
Each unit costs £9000-—£13 000, which must be met from 
current NHS resources, from insurance companies, or 
from patients themselves. If we are to achieve optimal cost 
benefit patients must be carefully selected. Yet there are no 
guidelines for practice in the United Kingdom. Regulatory 
and professional bodies—the Department of Health, the 
British Cardiac Society, and the British Pacing and Elec- 
trophysiology Group—are aware of the problems and have 
begun to act; but their initiative seems neither powerful nor 
rapid. The clinical and budgetary issues are already on our 
doorstep. 

Medicines, surgery, the implantable defibrillator— 
which is best? The question is unanswerable though some 
reports suggest the contrary. There have been no ran- 
domised studies of these three management strategies and 
perhaps there never will be. Electrophysiologically tested 
and proven antiarrhythmic drug treatment that is tolerated 
by the patient is the best management for the present. This 
option is badly implemented largely because electro- 
physiological services are not as well developed as they 
ought to be. This is unpardonable. Electrophysiological 
testing for such patients requires only a single temporary 
right ventricular pacing catheter linked to a simple inex- 
pensive stimulator. The end point—arrhythmia or no 
arrhythmia—can be determined from a standard electro- 
cardiographic monitor. This management shortcoming can 
be corrected easily but the real problem is the 60% of 
patients for whom medical treatment is ineffective or not 
tolerated. For this population, a randomised study of 
surgery versus the implantable defibrillator has scientific 
appeal; yet these options are so radically different. Surgery 
has a high operative risk but is relatively inexpensive and 
offers a cure. The defibrillator carries a low implantation 
risk, is expensive, and offers palliation. The mortality for 
each treatment is broadly similar. Seen in this light the 
issue could be decided on the basis of cost or on the basis of 
the quality of life. In practice, surgery and the implantable 
defibrillator should not be seen as competitive solutions for 
the same problem. The optimal application of each must be 
defined. Yet surprisingly this aspect has been almost 
completely neglected. Perhaps this is because few centres 
have embraced both strategies with equal fervour. We must 
accept that each has a role and identify the arrhythmias and 
patients to which each is best suited. That done, we can 
define good clinical practice and can estimate the cost of 
optimal care. This research can and should be done in the 
United Kingdom. Interested and worried clinicians are 
beginning to address the issue but their activities need 
funding and coordination. The implantable defibrillator 
will not be the last expensive technical development in 
cardiology and the United Kingdom needs a reliable, 
sensitive, rapid, and informed mechanism for evaluating 
this and similar expensive treatments. 

R W F CAMPBELL 
Department of Cardtology,* 
Freeman Hospital, 
Newcastle upon Tyne NE7 7DN 
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Late potentials as predictors of risk after 


thrombolytic treatment? 


Ginter Breithardt, Martin Borggrefe, Ulrich Karbenn 


Late potentials represent low amplitude frac- 
tionated electrical activity and they appear at 
the end of or after the QRS complex. They 
can be recorded directly by catheter mapping 
or intraoperative endocardial and epicardial 
mapping’ or indirectly from the body surface: 
by “high-resolution electrocardiography’*’ 
after myocardial infarction in patients with 
sustained ventricular tachycardia. These 
potentials originate from asynchronous elec- 
trical activity in bundles of surviving muscle, 
mostly at the border of a myocardial infarc- 
tion. These surviving muscle bundles are 
separated by fibrous tissue that can form 
isolating boundaries between them.’ The low 
amplitude of these signals is probably the 
result of the large amount of connective tissue 
and few surviving muscle fibres beneath the 
electrode.” They are considered as markers for 
an “arrhythmogenic substrate” that may 
become the site for re-entry.” However, not 
all sites showing late potentials are arrhyth- 
mogenic; occasionally they are non-specific 
markers of local fibrosis." 

Late potentials have rarely been seen in 
patients with normal left ventricular func- 
tion.” But they were found in 90% of 
patients with ventricular tachycardia or ven- 
tricular fibrillation after previous myocardial 
infarction. Late potentials were much less 
common in patients with previous ventricular 
fibrillation than in patients with sustained 
uniform ventricular tachycardia. The longer 
the duration of late potentials the faster was 
the rate of ventricular tachycardia. Late 
potentials were most common in patients with 
left ventricular aneurysms caused by coronary 
artery disease and in patients with other 
abnormalities of left ventricular contraction.” 
Late potentials were more common in patients 
with inducible ventricular tachycardia.” 

Late potentials are strong predictors of ar- 
rhythmic events after myocardial infarction.’ 
This was convincingly shown in more than 
2000 survivors of myocardial infarction. The 
presence. of late potentials during recovery 
from myocardial infarction (detected by the 
use of high resolution electrocardiography) 
correlated with the subsequent occurrence of 
sustained uniform ventricular tachycardia or 
death from arrhythmia or both. 

Clinical reports that showed a correlation 
between the absence of late potentials after 
myocardial infarction and the success of 
thrombolytic treatment are important because 
they indicate that effective thrombolytic treat- 
ment can prevent the development of an 


abnormal electrophysiological milieu after 
myocardial infarction.'*° 

Eldar et al reported on the effect of throm- 
bolysis on the evolution of late potentials in 
the early postinfarction period.” A hundred 
and fifty eight patients were prospectively 
studied during the first 10 days after acute 
myocardial infarction. The study population 
consisted of two non-randomised groups. 
Ninety three patients had been treated con- 
servatively whereas 65 patients had been 
treated by intravenous thrombolysis. The 
incidence of late potentials in the first two 
days after infarction was not significantly 
different in patients treated conservatively 
(14%) and those treated by thrombolysis 
(11-8%). On days 7-10 the incidence of late 


‘potentials among patients treated by throm- 


bolysis was unchanged; however, it had in- 
creased significantly in the conservatively 
treated group from 11:8% to 22:5% (p < 
0:01). Volosin et al also evaluated the time 
course of late potentials after myocardial 
infarction.” They found that in reperfused 
infarctions development of late potentials was 
related to the presence of Q waves and was 
independent of peak creatine kinase concen- 
trations and infarct location. Late potentials 
sometimes were present only in the early 
infarction period; they may represent areas of 
transiently delayed myocardial activation that 
resolve with infarct healing." 

Gang et al reported a similar study in 106 
consecutive patients aged <75 years who 
were admitted to hospital with a first acute 
myocardial infarction. Forty four patients 
who had chest pain for less than four hours 
were treated with alteplase (recombinant tis- 
sue plasminogen activator) whereas another 
62 patients who either did not qualify for or 
refused treatment with alteplase were treated 
conventionally. Thus, they were not a ran- 
domised sample of patients with acute myo- 
cardial infarction. Age, sex, site, and size of 
myocardial infarction, extent of coronary 
artery disease, and left ventricular ejection 
fraction were similar in both groups. Signal 
averaging was performed in all patients within 
48 hours of admission to the hospital and 
again in the surviving patients before dis- | 
charge. Only two (5%) of the 44 patients - 
treated with alteplase had late potentials com- 
pared with 14 (23%) of 62 patients who were 
not (p = 0-01). The patency of the infarct- 
related coronary artery and administration of 
alteplase were the only independent predic- 
tors of the presence of late potentials. 


Late potentials as predictors of risk after thrombolytic treatment? 


Preliminary data from Riccio etal on 172 
patients in the Gruppo Italiano per lo Studia 
della Streptochinasi nell’ Infarto Miocardico 
(GISSI-2) study point to similar findings.’ 
Twenty (165%) of 103 patients treated with 
streptokinase or alteplase had late potentials 
compared with 17 (28-9%) of 69 patients who 
did not receive thrombolytic treatment 
because of contraindications or late admission 
to the hospital. 

Kersschot et al used programmed ven- 
tricular stimulation with three extrastimuli to 
test for the presence of an arrhythmogenic 
substrate. Twenty six days after infarction 
the induction rate for sustained ventricular 
arrhythmias in general (48% w 100%) and 
uniform ventricular tachycardia (29% v 67%) 
in particular was much lower in 21 patients 
treated with intravenous and intracoronary 
streptokinase than in 15 control patients. But 
contradictory results were reported by Treese 
et al who studied 84 of 127 patients who had 
been randomised to intravenous and intra- 
coronary thrombolysis with or without trans- 
luminal coronary angioplasty. Group A con- 
sisted of 64 patients who showed primary 
recanalisation of the infarct related vessel with 
persistent patency at a subsequent follow up 
angiogram: group B consisted of 20 patients 
who showed late reopening (n = 5) or a closed 
infarct related vessel (n = 15) (caused by late 
reocclusion in nine). There was no difference 
between the frequency of ventricular extra- 
systoles in both groups but repetitive ven- 
tricular extrasystoles were more common in 
group A (21 of 64 patients, 32-8%) than in 
group B (2 of 20 patients, 10%; p < 0-05). 
However, in contrast with the data of 
Kersschot etal, there was no difference 
in the incidence of inducible ventricular 
tachycardia. 

The results of these preliminary studies 
indicate that successful early reperfusion may 
prevent the formation of an arrhythmogenic 
substrate as shown by the presence of late 
potentials on high resolution electrocardiogra- 
phy or the results of programmed ventricular 
stimulation. They?!” raise some impor- 
tant questions: 

(a) Why does thrombolytic treatment seem 

to affect the incidence of ventricular late 

potentials and the results of programmed 
ventricular stimulation? 

(b) What is the mechanism for the 

improvement in prognosis after successful 

thrombolytic treatment?” Is this im- 

provement in prognosis the result of a 

reduction (albeit small) in infarct size?” 7 

Or are other mechanisms responsible—such 

as changes in the _ electrophysiological 

milieu? 

Thrombolytic treatment aims at opening an 
occluded coronary artery and thus at reducing 
infarct size, with the ultimate goal of improv- 
ing prognosis. Reduction in cardiac mortality 
was shown in various studies of thrombolytic 
treatment though this was not a consistent 
finding.” ” Outcome was governed by the 
time from onset of myocardial infarction to 
thrombolysis, by the patency rate achieved, 
and possibly by the site of infarction. 
However, we do not know whether im- 
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provement in prognosis after thrombolytic 
treatment is due to a reduced mortality from 
heart failure or from arrhythmic causes. In 
addition, the mechanism underlying an im- 
provement in prognosis has not yet been 
adequately examined. 

The reduction in infarct size achieved by 
early thrombolysis is relatively small. Ritchie 
et al reported a reduction in infarct size (as a 
percentage of the left ventricle) from 19% in 
controls to 15% in patients treated with strep- 
tokinase.”7 Bassand et al found that the left 
ventricular ejection fraction was higher (53%) 
in a group treated with anistreplase than in a 
group that was not given fibrinolytic treat- 
ment (47% ).¥ The infarct size was reduced by 
31%. In the GISSI trial there was no differ- 
ence in ejection fraction at the predischarge 
examination in those assigned to streptokinase 
and those assigned to standard care.” 
However, patients treated with streptokinase 
had smaller ventricular volumes and a smaller 
regional wall motion index than patients given 
standard treatment. These effects persisted for 
up to 6 months. Another effect of throm- 
bolytic treatment may be the prevention of 
aneurysm formation.” This beneficial effect 
was also seen after late thrombolysis (4-10 
hours). 

It has been suggested that some of the 
beneficial effects of alteplase such as improved 
left ventricular function% or low mortality” 
may be due to some direct myocardial cellular 
mechanism that is independent of its ability to 
lyse intracoronary thrombi.” The assump- 
tion was that alteplase has a direct protective 
effect on the myocyte or that it dissolves 
microthrombi.” These findings are still con- 
troversial. However, they may have major 
implications for the interpretation of the 
mechanisms of alteplase.*” 

Current data suggest that a patent infarct 
related coronary vessel reduces the likelihood 
of ventricular tachycardia even when infarc- 
tion of the myocardium is developing. 
Because studies on thrombolytic treatment 
were not designed to establish the mechan- 
isms of the observed reduction in total mor- 
tality, no definite conclusions can be drawn. 
This is why studies by Gang et al, Eldar et al, 
and Riccio etal are of great importance 
because they suggest a potential mechanism 
for the improvement in prognosis after suc- 
cessful thrombolytic treatment.’*!© The 
correlations between the presence of late 
potentials and arrhythmic events after myo- 
cardial infarction and the low incidence of late 
potentials in patients with successful early 
reperfusion suggest that the improvement in 
prognosis may be due to the prevention of 
the development of an arrhythmogenic sub- 
strate.° 1 

The factors that govern the genesis of late 
potentials during the evolution of myocardial 
infarction are still poorly understood. Gang et 
ai suggested several mechanisms that might 
lead to the absence of late potentials in 
patients with successful reperfusion (that is 
those in whom the infarct related artery was 
open).'* They postulated that the absence of 
late potentials may be related to reperfusion 
because it eliminates ischaemia, allows the 
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return of various plasma constituents to the 
ischaemic area, permits a rapid washout of the 
toxic products of anaerobic metabolism, 
causes contraction-band necrosis, may in- 
crease the amount of haemorrhage within the 
infarct zone, and may cause the generation of 
oxygen free radicals." 

Late potentials originate from small areas 
within the myocardial infarction in which 
surviving muscle cells are interspersed with 
fibrosis. The duration and the degree of local 
impairment of blood flow govern the extent of 
necrosis and subsequent fibrosis which may 
establish an abnormal electrophysiological 
milieu. Because thrombolysis aims to restore 
blood flow to the myocardium as fast as poss- 
ible, early intervention may influence the gen- 
esis of an abnormal electrophysiological sub- 
strate in different ways. First, blood flow may 
be reduced for too long to allow recovery of 
the myocardium; this leads to total necrosis 
without the survival of any muscle fibres. In 
this situation no chronic arrhythmogenic sub- 
strate should develop. Secondly, incomplete 
recovery may lead to regional survival of the 
myocardium after thrombolysis. This may 
increase the likelihood of a patchy infarct 
and thus of an “arrhythmogenic substrate”, 
Thirdly, restoration of blood flow may be 
achieved early enough to allow complete 
recovery of the myocardium which should 
prevent the occurrence of an “‘arrhythmogenic 
substrate”. 

Current data suggest that detection of late 
potentials by high resolution electrocardiogra- 
phy is a way of assessing the likelihood of 
arrhythmic events after myocardial infarction. 
Several studies even suggest that it is a more 


powerful predictor for ventricular instability , 


than long term electrocardiographic recor- 
ding. High resolution electrocardiography 
seems to be a powerful tool for identifying the 
presence of an arrhythmogenic substrate after 
a patient with acute myocardial infarction has 
been treated by thrombolysis.” Prospective 
studies using this new technique should help 
to clarify whether in patients with similar 
degrees of left veritricular impairment out- 
come is worse in those with late potentials. 
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ORIGINAL ARTICLES 
Safety and efficacy of repeat thrombolytic 
treatment after acute myocardial infarction 
Harvey D White, David B Cross, Barbara F Williams, Robin M Norris 
Abstract so reinfarction occurs in approximately 2% of 
Thrombolytic treatment for acute myo-  patients.? Another approach is to repeat 
cardial infarction increases the risk of thrombolytic treatment, either with the same 
subsequent reocclusion of the infarct or a different agent, if acute coronary throm- 
related artery. The efficacy and safety of bosis recurs. 
repeat thrombolytic treatment was as- The benefits of repeat thrombolytic treat- 
sessed in 31 patients treated with strep- ment for threatened reinfarction may resem- 
tokinase (n = 13) or tissue plasminogen ble those of the initial administration, but the 
activator (n = 18) a median of five days risks and benefits have not been well des- 
(1-716) after the first infusion. The indi-  cribed. We report the results of repeat throm- 
cation for readministration was pro- bolytic treatment in 31 patients with 
longed chest pain with new ST segment threatened reinfarction. 
elevation. Efficacy was assessed by in- 
farct artery patency at angiography at a 
median of eight days after readministra- Patients and methods 
tion in 22 patients and by non-invasive We studied 31 patients (22 men and nine 
criteria in 23 patients (reperfusion was women, mean (SD) age 58 (9) years) who had 
deemed to be likely if serum creatine all been treated with intravenous thrombolysis 
kinase was not increased or reached a for acute myocardial infarction. Indications 
peak <12 hours after infarction). for initial thrombolysis included ischaemic 
Angiography showed patency of 70% of chest pain lasting more than 30 minutes with 
the infarct arteries after readministra- onset less than six hours before thrombolytic 
tion of streptokinase and of 75% after treatment and associated ST segment eleva- 
tissue plasminogen activator. The cor~ tion of 21mm in two limb leads or V4-V6 
responding patency rates assessed non- or 22mm in leads V1-V3. The initial 
invasively were 73% and 75%. Reinfarc- thrombolytic treatment was an infusion of 
tion was prevented in nine (29%) streptokinase 1-5 million units intravenously 
patients. Allergic reactions occurred in over 30 minutes in 23 patients and of recom- 
four of eight patients who received binant tissue plasminogen activator 100 mg 
streptokinase twice (plasmacytosis and intravenously over three hours in eight 
acute reversible renal failure developed patients. In all patients treatment with aspirin 
in one patient). Two patients had major (50-300 mg per day) was started on admission 
bleeding and two minor bleeding, all to the coronary care unit and 12 patients were 
after tissue plasminogen activator, and also given dipyridamole (400mg daily). 
one of them died of cerebral haemor- Heparin was given intravenously for at least 
rhage. 48 hours in 19 patients, with dose adjustment 
Repeat thrombolytic treatment results to maintain the activated partial thromboplas- 
in late patency rates similar to the rates tin time between 90 and 110 seconds. Treat- 
after the initial administration. Allergic ment with oral $ blockers was started within 
reactions were common in those treated three days of admission in patients without 
twice with streptokinase. contraindications. One patient underwent 
angioplasty of a severe stenosis of the left 
anterior descending coronary artery seven 
Thrombolysis is now used widely in acute days after initial thrombolysis and three days 
myocardial infarction to reduce mortality’* before readministration. 
and to preserve left ventricular function.’ 
Thrombolysis of a coronary thrombus, how- STUDY PROTOCOL 
Pe Hospital, ever, results in an infarct relatéd coronary Thrombolysis was repeated in patients in 
New Zealand artery with an unstable endothelial lesion and whom recurrent ischaemic pain lasting >30 
H D White often residual thrombus. Angiographic minutes developed despite nitrate treatment 
Ae studies showed a rate of about 20% for early and who fulfilled the criteria for ST segment 
R e reocclusion after thrombolysis. Reinfarction elevation déscribed above. Patients were given 
See ee is associated with further nyocardial damage the same dose of either streptokinase or tissue 
Dr Harvey D White, and mortality. Though angioplasty seemed to plasminogen activator as was used for the 
Chere aoe be an attractive approach to preventing reoc- initial treatment. All patients were treated by 
Auckland 3, New Zealand. clusion, four studies showed no reduction of thrombolysis within six hours of the onset of 
Accepted for publicanon reinfarction.””° Aspirin treatment has been the second episode of pain. The physician 
14 April 1990 clearly shown to reduce reinfarction but even chose the thrombolytic agent; though strep- 
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tokinase was generally avoided between seven 
days and three months after initial streptokin- 
ase treatment and in patients with allergic 
reactions to their first dose of streptokinase. 
Steroids or antihistamines were not routinely 
administered before repeat streptokinase 
treatment, but one patient did receive intra- 
venous hydrocortisone before readministra- 
tion. Concomitant treatment was similar to 
that during the initial administration; all 
patients were given aspirin and most were 
given intravenous heparin. 

All patients were observed closely for 
evidence of allergic reactions or hypotension, 
and any bleeding was noted. Serum concen- 
trations of creatine kinase were measured at 
least every four hours for the first 24 hours. 
Coronary arteriography was performed in 
survivors unless the coronary anatomy had 
already been defined. Coronary arteriography 
and left ventriculography were performed by 
the Judkins technique. The infarct related 
artery was identified by correlation of the 
coronary arteriogram with the electrocar- 
diogram and wall motion abnormalities on 
biplane left ventriculography. The coronary 
arteries were viewed in multiple projections. 
The patency of the infarct related artery was 
coded according to the TIMI criteria.” 

The time course of creatine kinase release 
from the onset of thrombolytic treatment was 
used as a non-invasive marker of early reper- 
fusion. Patients with either no increase in 
serum creatine kinase or with an early peak of 
creatine kinase after thrombolytic treatment 
(<9 or <12 hours) were considered likely to 
have achieved reperfusion,’* though we have 
no independent validation of the specificity or 
sensitivity of these indices. 

We excluded from the enzyme analysis 
patients in whom sampling was inadequate for 
reliable timing of the enzyme peak. We also 
excluded patients in whom persistence of 
raised creatine kinase concentrations after the 
index infarction made it difficult to time a 
“hump” on the washout curve. 


Results 

Table 1 shows the baseline characteristics of 
the study group. The threatened reinfarctions 
occurred at a median of 5 (range 1-716) days 
after the initial infarction. Table 2 shows the 
drug treatment that patients were receiving 
immediately before threatened reinfarction. 
All but two patients were taking aspirin and six 
patients were still receiving intravenous 
heparin after the initial thrombolytic treat- 
ment. The electrocardiographic changes as- 
sociated with the threatened reinfarction were 
in the same coronary artery distribution as 
initial infarction in all but one patient. 

The thrombolytic agent chosen for the 
repeat treatment was streptokinase in 13 
patients and tissue plasminogen activator in 18. 
The mean (SD) delay from the onset of pain to 
readministration was 107 (63) minutes. Eight 
patients received streptokinase on both 
occasions. Table 3 outlines the treatment given 
to each patient, the delay between initial 
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Table 1 Baseline characteristics of the study group 


Nig (SD) age (yr) 58 (9) 
Male 22 (71% 
Female 9 ER 

Site of mitial infarct: 

Anterior 9 (29%) 
Inferior 22 (71%) 

Initial thrombolytic agent: 

S 23 (74%) 
Tissue plasminogen activator 8 (26%) 
Angma before wnal infarct* 19 (61%) 

Anna after initial mfarct and before 

tened reinfarction 18 (58%) 

Hypertension 8 (26%) 

Smoking 14 (45%) 

Diabetes 3 (10%) 


*Angina for > 48 hours before intial thrombotytc treatment. 


thrombolytic treatment and readministration, 
and the results of enzyme analysis and cardiac 
catheterisation. 

Sampling for creatine kinase was adequate in 
23 patients. One patient underwent an emer- 
gency operation for stenosis of the left main 
coronary artery and another underwent “‘res- 
cue” angioplasty 2:5 hours after repeat throm- 
bolysis. In five patients not enough samples 
were taken between six and 18 hours after 
readministration to determine the time of peak 
creatine kinase, and in one patient (case 9) in 
whom thrombolysis was repeated two days 
after the initial treatment, creatine kinase was 
still increased by the initial infarct. 

Cardiac catheterisation was performed in 22 
patients at a median of eight (0—63) days after 
repeat thrombolysis. Four patients had died, in 
four the coronary anatomy was already known, 
and in one elderly patient without inducible 
angina at exercise testing the physician wanted 
to avoid catheterisation. 


EFFICACY 
Table 4 summarises the results of non-invasive 
assessment of reperfusion and the angiographic 
assessment of infarct artery patency for the four 
possible combinations of thrombolytic treat- 
ment. Streptokinase achieved late angiographic 
patency in 70% of patients and tissue plasmin- 
ogen activator achieved it in 75%. In patients 
previously treated with streptokinase, re- 
administration with either streptokinase or 
tissue plasminogen activator resulted in similar 
rates of reperfusion assessed non-invasively or 
angiographically. In nine (29%) patients no 
rise in cardiac enzymes ensued, implying 
prevention of further myocardial necrosis. 
Reperfusion assessed non-invasively and 
patency at late angiography were not always 
concordant. Both angiographic and enzyme 
data were available in 18 patients. Three (23%) 


Tabie 2 Drug treatment at time of threatened 
reinfarction 





Drug No (%) 
spirin 29 (94) 
Dipyridamole 12 (39) 
Intravenous heparin 6 (19) 
Subcutaneous heperin 3 G% 
8 Blockers 18 a 
antagorusts 5 (16) 
Nitrates* 8 (26) 





*Regular oral, sublingual or transdermal, or intravenous 
mfusion. 
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Table 3 Treatment and outcome of individual patients 
Peak CK on Angiagraphic 
Age Interval Antithrombotic r ; Hours patency of 
Patent Agent]  Agent2 (yr) Sex (days) treatment (U/L) to peak infarct artery Comments 
1 SK SK 59 M 2 ASP, DP, HEP No rise — Yes 
2 SK SK 52 F 3 484 9 Yes Allergic reaction 
3 SK SK 65 M 3 ASP, DP No rise — Yes Allergic reaction 
4 SK SK 62 F 5 ASP 873 * Yes Allergic reaction 
5 SK SK 43 M 7 ASP, DP 418 24-5 Yes Allergic reaction 
6 SK SK 49 M 8 ASP, DP 878 21 No 
7 SK SK 49 M 199 ASP 369 * No angiogram 
8 SK SK 71 F 268 -— 1856 5 No angiogram Sudden death 47 days 
9 SK m-PA 49 M 2 ASP, HEP — — Yes Enzymes still raised after 
lst infarct 
10 SK rt-PA 59 M 2 ASP 974 13 No 
11 SK rt-PA 71 M 3 ASP, HEP — a No angiogram Emergency operation 
12 SK rt-PA 55 M 3 ASP 734 24 Yes 
13 SK rt-PA 56 M 4 ASP No rise — Yes 
14 SK t-PA 68 F 5 ASP No rise — No angiogram 
15 SK m-PA 47 M 5 ASP No rise — Yes 
16 SK rt-PA 48 M 5 ASP 846 45 Yes 
17 SK rt-PA 62 F 7 ASP, DP No rise — No angiogram Died—ceredellar 
haemorrhage 
18 SK rt-PA 68 M 9 ASP 5679 174 Yes 
19 SK rt-PA 66 F 11 ASP 1019 * No angiogram Died—stroke (embolic) 
20 SK rt-PA 73 M 19 ASP, HEP 794 5 No angiogram 
21 SK rt-PA 47 M 23 ASP, DP No rise — es 
22 SK rt-PA 46 M 34 ASP, DP 644 12 Yes 
23 SK t-PA 48 M 716 — 7522 8-2 No 
24 rt-PA SK 51 M 1 ASP, DP, HEP 948 — No Early angioplasty 
25 n-PA SK 57 F 2 P T36 * Yes 
26 rt-PA SK 59 M 3 ASP, DP No rise — No Allergic reaction 
27 rt-PA SK 66 M 9 ASP , 495 11-7 Yes 
28 rt-PA SK 43 M 169 ASP, DP 504 * No angiogram Allergic reaction 
29 rt-PA rt-PA 60 F 4 ASP, DP No rise — No 
30 t-PA t-PA 63 M 12 ASP, DP 584 12 Yes cers venepuncture 
te 
31 t-PA rt-PA 72 F 23 ASP, HEP 674 17 No angiogram D E 
*Inadequate sampling. 


SK, streptokinase; rt-PA, recombinant tissue plasminogen activator (alteplase); CK, creatine kinase (normal < 300 U/I} ASP, aspirm; DP, dipyridamole; HEP, 


of 13 patients in whom enzyme analysis sugges- 
ted reperfusion subsequently had an occluded 
infarct artery, and three of the five patients in 
whom enzyme analysis did not support early 

: reperfusion subsequently had a patent infarct 
artery. 


ADVERSE REACTIONS 

Allergic reactions were seen in four of the eight 
patients who received streptokinase on two 
occasions. The interval between the initial and 
second administrations was three days in two, 
five days in one, and seven days in another. The 
four patients who did not have an allergic 
reaction were retreated on days 2, 8, 190, and 
268. Allergic reactions were characterised by 
transient fever and rigors. No patients suffered 
bronchospasm, angio-oedema, or anaphylactic 
shock with readministration of streptokinase. 
In one patient plasmacytosis and transient 
renal impairment subsequently developed.” 


No allergic reactions were seen with tissue 
plasminogen activator. 

Transient hypotension and bradycardia were 
seen during thrombolytic infusion in five 
patients—two receiving streptokinase ‘and 
three tissue plasminogen activator. All patients 
with significant hypotension had a threatened 
inferior infarction. 

All important haemorrhagic complications 
were associated with treatment with tissue 
plasminogen activator. A 62 year old woman 
died after receiving tissue plasminogen acti- 
vator for threatened reinfarction seven days 
after initial treatment with streptokinase. 
Neurological signs developed six hours after 
the start of treatment and necropsy showed a 
recent cerebellar haemorrhage. In a second 
patient a large groin haematoma developed at 
the site of arterial puncture after angioplasty 
three days earlier and required transfusion of 
1:5 litres of blood. One patient had a single 


Table4 Patency and reperfusion rates after repeat thrombolytic treatment 








Reperfusion (enzymes) 
Angiographic Peak CK <9 kh Peak CK <12 k 

Agent 1 Agent 2 No patency* No CK rise or no CK riset or no CK reset 
SK SK 5/ 6 2/ 4] 6 4/ 6 

SK t-PA 15 8/10 5/12 8/12 9/12 

rt-PA rt-PA 3 1] 2 1/ 3 4/3 2 3 

rt-PA SK 5 2] 4 1/ 2 ij 2 2/2 

Total 31 16/22 (73%) 9/23 (39%) 14/23 (61%) 17/23 (74%) 
*Patency = TIMI 2 or 3 flow. e 

ime from start of thrombolytic 


treatment. 
, streptokinase; rt-PA, recombmant tissue plasminogen activator (alteplasc); CK, creatine kinase. 


episode of macroscopic haematuria and another 
experienced prolonged skin bleeding from 
venepuncture sites. 

Three patients died within 30 days of re- 
administration of thrombolytic treatment. One 
patient died from cerebellar haemorrhage as 
outlined above, one of an embolic stroke 12 
days after readministration, and another of 
cardiogenic shock 24 hours after readministra- 
tion. One further patient died suddenly 47 days 
after threatened reinfarction. 


ANGIOPLASTY AND OPERATION 

Angioplasty was performed electively within 
three days of repeat thrombolytic treatment in 
nine patients. Two further patients had re- 
infarctions while awaiting intervention; one 
proceeded to angioplasty and one to urgent 
coronary surgery. Five other patients sub- 
sequently underwent coronary artery surgery. 
Eleven survivors were initially managed con- 
servatively, but two subsequently required 
angioplasty for severe angina and one had a late 
reinfarction. 


Discussion $ 
Reinfarction occurs in approximately 9% of 
patients during the first 12 months after throm- 
bolytic treatment for acute infarction.™* It is 
attractive to extrapolate the substantial evi- 
dence for benefit seen. with initial use of 
thrombolytic treatment to readministration in 
the event of subsequent threatened infarction, 
but the risks and benefits of this approach are 
not well defined. 

Streptokinase is a foreign protein and is 
antigenic in humans. Possible allergic reactions 
were reported in 4:4% of patients treated with 
streptokinase in ISIS~2? and 3-4% of patients 
receiving streptokinase in GISSI-1.' Anaphy- 
lactic shock occurred in 0-1% of patients 
treated with streptokinase in GISSI-—1' and did 
not occur in ISIS—2.? The use of prophylactic 
steroids is theoretically unlikely to be helpful.” 
In ISIS—2 22% of patients received prophylac- 
tic steroids, with no reduction in the reported 
rate of allergic reaction. 

Because most patients already have anti- 
bodies to streptokinase from previous strep- 
tococcal infections the dose needs to be greater 
than 1:25 million units to ensure that these 
antibodies are overcome.” Neutralising 
antibodies sufficient to inhibit conventional 
doses of streptokinase develop as early as four 
days after administration. This titre of 
antibody persists in most patients tested at six 
months and one year” (and D Massell, JB Gill, 
AGG Turpie, JA Cairns, personal commun- 
ication). The relation between lytic efficacy 
and antibody titres is not clear. Moran et al 
found a discrepancy between streptokinase 
specific IgG measured by a radioimmunoassay 
technique and the functional streptokinase re- 
sistance titre in some patients." Even. so, it 
seems prudent to avoid readministration of 
streptokinase when antibody titres are likely to 
be high. The presence of IgE antibodies is 
likely to increase the risk of immediate allergic 
reactions, and high IgG titres (in addition to 
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compromising efficacy) may increase the risk of 
late complications such as serum sickness and 
Guillain-Barré syndrome, which are occasion- 
ally seen after initial treatment.’’™ It has been 
suggested that streptokinase resistance titres 
should be measured before streptokinase is 
readministered, and the dose increased ap- 
propriately.” We think that such an approach is 
untenable because it would delay thrombolytic 
treatment. 

Because anistreplase contains streptokinase a 
similar incidence of hypersensitivity reactions 
might be expected. In the German multicentre 
trial 2-5% of patients receiving anistreplase had 
allergic reactions” and ’two of 502 patients 
receiving anistreplase in the AIMS Study 
suffered anaphylactic reactions.* Vasculitis has 
also been reported after treatment with anistre- 
plase.” 

Readministration of plasminogen activators 
such as tissue plasminogen activator and uro- 
kinase, which are non-allergenic, is less likely 
to reduce efficacy and cause allergic reactions. 
Little is known of the risks of readministration 
of these agents, however, particularly of 
haemorrhage during the first few days after 
initial treatment. These agents are also more 
expensive than streptokinase. 

This study shows that repeat thrombolysis 
was feasible and was as effective in restoring 
vessel patency and probably in limiting myo- 
cardial necrosis as the initial treatment. 
Efficacy was assessed by two methods. Patency 
of a coronary artery late after thrombolytic 
treatment does not necessarily indicate early 
patency. We found a similar high frequency of 
early reperfusion assessed by enzyme analysis 
and late arteriographic patency, but as expec- 
ted there were some discrepancies. In nearly a 
third of patients receiving repeat thrombolytic 
treatment for prolonged chest pain with ST 
segment elevation there was no elevation of 
cardiac enzymes. We believe that reinfarction 
was prevented in these patients. 

Allergic reactions were frequent when strep- 
tokinase was given twice, but these reactions 
were not associated with a lack of lytic efficacy. 
Transient hypotension was equally common 
during the initial and repeat infusions and was 
not confined to streptokinase treatment. 

The role of angioplasty and coronary surgery 
after readministration of thrombolysis is un- 
certain. Trials of early angioplasty after initial 
thrombolysis’? and comparison of conser- 
vative and invasive management strategies” 
suggest that watchful waiting is better than 
immediate intervention in most patients. These 
results clearly cannot be extrapolated to 
patients with threatened reinfarction. We have 
often offered such patients a revascularisation 
procedure on the assumption that a patient 
suffering two acute coronary events is more 
likely to have a third. There is no firm evidence 
for this approach and prospective clinical trials 
are required. 

We believe that prompt readministration of 
thrombolytic treatment is appropriate in 
patients with threatened reinfarction and is 
likely to be as safe and effective as the initial 
treatment. In view of concerns about efficacy 
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and the occurrence of allergic reactions, we 
think that streptokinase or anistreplase should 
not be readministered within a year. We need 
more information on how common high anti- 
streptokinase titres are more than one year after 
the initial treatment. 


We thank the nurses and physicians who treated the patients in 
this study. 
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Abstract 

Prognostic factors in patients with acute 
myocardial infarction based on clinical 
and investigative data on admission 
were evaluated prospectively in 111 
consecutive patients. Seventeen patients 
(15-:3%) died during hospital stay. Age, a 
previous infarct, high Killip class, 
cardiomegaly, high serum concentra- 
tions of cardiac enzymes, a low ejection 
fraction, and a high wall motion score 
index correlated significantly with in- 
hospital mortality; whereas sex, risk 
factors, and pericardial effusion did not. 
Multivariate analysis showed that age 
and the wall motion score index were the 
best predictors of death in hospital. Wall 
motion detected by cross sectional 
echocardiography may reflect the extent 
of myocardial involvement. Age and wall 
motion score index predicted in-hospital 
mortality with a sensitivity of 76°5%, a 
specificity of 91:5%, and a predictive 
accuracy of 892%. Age and the wall 
motion score index can be determined 
on admission and are useful for identify- 
ing patients at high risk of cardiac 
death who might benefit from early 
intervention. 


It is clinically useful to identify high risk 
patients reliably after acute myocardial infarc- 
tion. Studies showed that clinical assessment 
to identify high risk patients could be perfor- 
med within the first day of admission.** The 
most powerful predictor of prognosis was the 
degree of left ventricular pump dysfunction 
caused by infarction, which the clinical and 
investigative variables indirectly reflect.” 
However, the ambiguity of the clinical find- 
ings and the lack of the sensitivity and 
specificity of these data to assess the function 
of the left ventricle hamper the prediction of 
death in hospital in patients with acute 
myocardial infarction.’* 

We attempted to identify the prognostic 
factors that are associated with outcome 
(survival or death). To do this we applied a 
binary logistic regression model to the clinical 
and investigative data obtained on the first 
day of admission. 


Patients and methods 

PATIENTS 

From October 1986 to September 1987 we 
studied 111 consecutive patients with definite 


acute myocardial infarction—as defined by 
typical chest pain, electrocardiographic 
changes, and serial enzyme changes—who were 
admitted to the coronary care unit of Siriraj 
Hospital within 48 hours of the onset of chest 
pain. Seventeen patients (15-3%) died in 
hospital within 2 weeks of admission. 


CLINICAL DATA 

We studied 78 men and 33 women (mean age 
62:22 (12-60) years (range 33 to 87)). Twenty 
two patients had a clinical history or electro- 
cardiographic findings of a previous myo- 
cardial infarction or both. On admission, 24 
(21-6%) patients were in Killip class IT, seven 
(6-3%) patients were class III, and 17 (15-3%) 
were class IV (table 1). 

We noted the following risk factors for 
coronary heart disease: family history of 
coronary artery disease, cigarette smoking, 
hypertension, hyperlipidaemia, diabetes 
mellitus, alcohol consumption, sedentary 
work, gout, obesity, contraceptive pills, and 
personality type (table 2). Cigarette smoking 
was defined as consumption of > 0-5 pack/day 
for >6 months before the myocardial infarc- 
tion.’ Hypertension was diagnosed if the initial 
value recorded showed a systolic pressure 
> 150 mm Hg or a diastolic pressure >90 mm 
Hg or if there was a previous history of 
hypertension with associated treatment.’ 
Glucose intolerance was defined as a history of 
diabetes mellitus or the use of oral 
hypoglycaemic agents or insulin. Obesity 
(body-mass index) was defined as the value of 
equal or more than 30 (weight divided by the 
square root of height).° 


INVESTIGATIVE DATA 

Table 3 shows data obtained within 24 hours of 
admission. Q wave myocardial infarction was 
found in 88 patients (57 anterior and 31 
inferior) and non-Q wave myocardial infarc- 
tion in 23 patients. We examined anteropos- 
terior chest x rays of each patient (upright or 
sitting) taken at a distance of 6 feet for evidence 
of pulmonary oedema and diversion of blood to 


Table 1 Characteristics of surutvors and non-survtvors 
of acute mryocardial infarction 


Survivors Non-survrvors 

Characteristic {94} (17) p valus 
Age (yr) (SD) 60 84 (12 16) 70 18 (12-51) < 0-005 
Sex: NS 

Male 64 11 

Female 27 6 
Old MI 15 7 <0 01 
Killip class (SD) 16(10) 2-9 (1-1) <0 005 





MI, myocardial infarction. 
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Table 2 Risk factors in suroivors and non~survtvors 
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Risk factors Overall No (%) Survivors (94) Non-survtvors (17) p value 
Family history 9 (8 1) 9 — To 
Cholesterol* 23 2? 7) 19 4 NS 
Triglyceride* 25 (22°5) 21 4 NS 
Hypertension 47 ‘62 2 38 9 NS 
AER 69 (62 2 60 9 NS 
Alcohol 11 (9-9) 10 1 NS 
Sedentary work 58 Ri 50 8 NS 
tt 9(8 1) 9 — — 

Diabetes melktus 21 aa 19 2 NS 
Obesity 9 (8-1) 8 1 NS 
Contraceptive pills§ f27 2/27 — — 
Personality NS 

TypeA 78 (70 3) 67 11 

Type B 33 (29-7) 27 


*Cholesterol > 6 5 mmol/l; triglyceride 3 1-7 mmol/1. 
De heavy drinker for > 10 years. 

Symptomatic hyperurcaemua. 
§Treatment for > 5 years. 


the upper lobe and to calculate the cardioth- 
oracic ratio. We also noted the increase in 
cardiac enzymes on the first day of admission. 
Cross sectional echocardiography was 
performed within 24 hours of admission with 
an Aloka mechanical scanner Model SSD-118 
and 3-0 MHz transducer. The images were 
recorded on 1/2 inch videotape for real time 
and slow motion playback. We obtained 
parasternal long and short axis views and apical 
four chamber and two chamber views. The 
short axis view was recorded at three levels: 
mitral (basal), papillary muscle (mid), and 
apical. A 14 segment model of the left ventricle 
was used.°°? The site and severity of the 
regional myocardial dysfunction were visually 
evaluated by review of each echocardiographic 
study and graded by the Herman and Gorlin 
scoring system for ventricular wall motion”: 
normal = 1, mild or moderate hypokinesia = 
2, severe hypokinesia or akinesia = 3, 
dyskinesia = 4, and aneurysmal = 5. The 
values determined for each segment were 
added to give a total score. Thus in patients 
with normal scores in all 14 segments the wall 
motion score index was (14 x 1)/14 = 1. Each 
study was reviewed by two observers who 
arrived at a wall motion score index by 
consensus. The ejection fraction (EF) was 
determined by a modified Quinones’ 
equation” 12, 
EF = 
(Ded? — Des’)/Ded?) + ((Des?/Ded*) (AL)), 


Table 3 Results of investigation data tn surorvors and non-survrvors (mean (SD) ) 


o 
Cardiac enzymes (U/}) 


Echocardiogram: 
Ejection fraction (%) 
WMSI 


Pericardial effusion 


AST, 
ventri 


Surervors {94} Non-survrovors (17) p value 
NS 
47 10 
26 5 
21 2 
5 l 
<0 025 
a 57 (0 07) ie (0 06) so 
5 2 NS 
975 77 (1109 50) 2420 24 (1895-40) <0 0005 
107-33 ts 18 04) 492-65 (674 82) <0-025 
483-67 (437 80) 1214-29 (1200 46) <0-025 
See as 61) 33 24 (13 47) <0 0005 
1 69 (0-38) 2°37 (0°38) <0 0005 
14 3 NS 


CK, creatine kinase; LDH, lactic dehydrogenase; LVH, left 


aminotransferase; 
hypertrophy; WMSI, wall motion score 


where Ded and Des are the internal dimension 
at end diastole and end systole respectively 
level with the tip of papillary muscle in the 
parasternal short axis view and AL is the 
fractional shortening of the long axis. Because 
the shortening of the long axis contributes only 
slightly to the global ejection fraction and 
because this axis is frequently foreshortened by 
the apical views, we decided to estimate this 
component of the ejection fraction equation 
from a subjective assessment of the wall motion 
at the apex. Thus AL = 0-15 with normal 
motion, 0:05 with apical hypokinesia, 0 with 
akinesia, —0-05 with dyskinesia, and —0-10 
with aneurysm.” |’ We took the mean of at least 
three values of the ejection fraction in each 
patient.’ We used echocardiography to detect 
pericardial effusion.” 


STATISTICAL ANALYSIS 

All continuous variables were analysed by 
Student’s ¢ test for unpaired data. Frequency 
data were tested by the Z test for proportion or 
the x° test (tables 1-3). 


MULTIVARIATE ANALYSIS 

We used multifactorial analysis to identify 
factors that independently predicted the out- 
come in our study group and we applied a 
binary logistic regression model to the data.'*”° 

Y denoted survival and Y = 1 death. IfX isa 
vector of prognostic factors where X = (A, 
X,,...) the logistic regression model specifies 
that the outcome or non-survival probability, P 
(Y), is related to the prognostic factors X by the 
following equation: P(Y = 1%) = 1/1 + 
exp(—a — bX), where a is a constant term in the 
equation and b is a column vector of regression 
coefficients corresponding to the numerically 
coded factors, and exp (K) = (2:7182)*. 

The data (nine factors) from 111 patients 
were fitted to this statistical model. These 
factors were the patient’s age in years (X,); the 
wall motion score index of the left ventricle 
(X; ejection fraction in percentage CX;); 
concentrations of creatine kinase CX,), lactic 
dehydrogenase CX,), and aspartate aminotrans- 
ferase (X,); the cardiothoracic ratio (X,), Killip 
class (X,), and history of old myocardial infarc- 
tion (X,). For the first seven factors (X,-X%,) 
actual values were used. The Killip class was 0 
if the patient was in class I or class IJ and 1 if 
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Table4 Maximum likelihood of fit of ic regression 

model in 111 patients with acute myocardt. speedier 
Logistic Standard 

Vanable coefficient error Z value 

Age 0-0897 0-0322 279 (p = 0 0052 

WMSI 4 4961 1-0516 4-28 (p < 0-000 

Constant ~ 16 7414 3 765) 


WMS], wall motion score index. 


the patient was in class III or class IV. The 
history of old myocardial infarction scored zero 
if the patient had no history of previous 
myocardial infarction and one if he/she did. 
Data were calculated through the program 
LOGRESS” on the IBM PC/XT computer 
(table 4). 

We applied the binary logistic regression 
model to age and the wall motion score index 
as the predictive factors to calculate the 
probability of death P CY) in each patient. The 
sensitivity, specificity, positive predictive 
value, negative predictive value, and predictive 
accuracy of the model were calculated in a 
two-by-two table (table 5). A non-survival 
probability of >0-3 was regarded as predicting 
death in hospital. 


Results 

CLINICAL AND INVESTIGATIVE DATA 

There were significant correlations between 
death in hospital and the following variables: 
age (p < 0-005); previous myocardial infarc- 
tion (p < 0-01); Killip class (p < 0-005); 
presence of cardiomegaly on the chest x ray 
(p < 0-025); serum concentrations of creatine 
kinase (p < 0:0005), aspartate transaminase 
(p < 0-025), and lactic dehydrogenase 
(p < 0:025); ejection fraction (p < 0:0005); 
and wall motion score index (p < 0:0005) 
(tables 1~3). 


MULTIVARIATE ANALYSIS 

All the above nine factors were used for 
multivariate analysis. The maximum likeli- 
hood estimate of the coefficient, its standard 
error, and the corresponding Z value were also 
calculated. An absolute value of Z > 2:57 
indicates a significant association (p < 0:01) 
between the factors and the patient’s survival 
(table 4). Only age and the wall motion score 
index were significantly associated with out- 
come (p < 0-01). The positive sign of the 
coefficients indicated that the estimated 


Table 5 Sensitivity, , and predictive may 
of age and wall motion score index determined by the 


logistic regression model 





Outcome 
Predicted outcome Non-survrvors Survivors Total 
Non-survivors 13 8 21 
Survivors 4 86 90 
Total 17 94 lili 


Sensitivity = 13/17 (765%), specificty = 86/94 (91: 5%) 


positive predictive value = 13/21 (619%) neganve 
value 86/90 (95-56%), predict iay 
æ 99/111 (89 2%). 


_ kinase, 


probability of death in hospital rose with age 
and the wall motion score index. Table 5 shows 
the sensitivity, specificity, predictive value, 
and accuracy of age and wall motion score 
index determined in the binary logistic 
regression model. 


Discussion 

In an earlier study we combined clinical 
characteristics and investigative data to 
identify a subgroup of patients with acute 
myocardial infarction.” The variables 
previously shown to be useful in the risk 
stratification of patients with acute myocardial 
infarction include clinical assessment, initial 
chest x ray, electrocardiographic ST segment 
mapping, peak serum concentration of creatine 
and cross sectional echocardio- 
graphy.’* The most powerful prognostic factor 
is the degree of left ventricular pump dysfunc- 
tion caused by infarction, which these variables 
indirectly reflect.” ** 


PROGNOSTIC FACTORS 

The following nine variables, measured on the 
first day of admission within 48 hours of the 
onset of chest pain, correlated significantly 
with an increased risk of death in hospital: old 
age, a previous infarct, high Killip class, 
cardiomegaly, high concentration of cardiac 
enzymes (creatine kinase, aspartate amino- 
transferase, lactic dehydrogenase), low ejection 
fraction, and high wall motion score index. 


MULTIVARIATE ANALYSIS 
Multivariate analysis of these nine variables in 
patients with acute myocardial infarction 
showed that age and the wall motion score 
index were the best prognostic factors. Left 
ventricular function decreases with age, as the 
incidence of multivessel coronary artery 
disease increases.’ In elderly patients with 
acute myocardial infarction not only was the 
myocardium more severely damaged but also 
the amount of myocardium at risk was high 
because critical multivessel disease of the 
coronary arteries was more common.” Cross 
sectional echocardiography allows non- 
invasive determination of both global left ven- 
tricular function and segmental wall motion 
abnormalities. The extent of myocardial 
involvement was one of the most useful indices 
for predicting the outcome of myocardial 
infarction.*”’* Wall motion score index was a 
useful predictor of death in hospital after acute 
myocardial infarction (sensitivity 71%, 
specificity 90%, and predictive accuracy 
87%).” Combination of age and wall motion 
score index in the present study increased the 
predictive power further (sensitivity 76-5%, 
specificity 91-59%, and predictive accuracy 
89-2%,). 

Multivariate analysis enabled us to identify 
the two most important prognostic factors in 
the prediction of death in hospital. 


CLINICAL IMPLICATIONS 
Both age and the wall motion score index 
can easily be obtained on the first day of 
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hospital admission. These two variables can be 
used rapidly to identify high risk patients 
who will benefit most from thrombolytic treat- 
ment, immediate percutaneous transluminal 
coronary _ angioplasty, or coronary bypass 
grafting. 


We thank Muss Usa Fakfaiphuak for her heip with the 
preparation of the typescript and the Siriray clinical research 
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Ischaemic left ventricular failure: evidence of 
sustained benefit after 18 months’ treatment with 


xamoterol 


Else Vigholt-Serensen, Ole Faergeman 


Abstract 

The long term effects of treatment with 
xamoterol in 14 patients aged 44-73 with 
mild to moderate heart failure as a 
result of ischaemic heart disease are 
reported. After 18 months’ treatment 
with xamoterol, patients were assessed 
in a randomised double blind crossover 
comparison of xamoterol (200 mg twice 
a day) and placebo, each given for one 
month. Compared with placebo, 
xamoterol significantly increased exer- 
cise duration and work done on a bicycle 
ergometer and reduced the maximum 
exercise heart rate. Assessment of symp- 
toms and activities at 12 months by 
visual analogue and Likert scales showed 
a trend towards the relief of symptoms 
of breathlessness and tiredness and an 
improvement in activity. There was an 
improvement in the clinical signs of 
heart failure and no haemodynamic 
deterioration over a 12 month period as 
assessed by ejection fraction. 

The improvement in exercise toler- 
ance, symptoms, and activities was sus- 
tained for 18 months without side effects 
or development of tolerance. 


Chronic heart failure affects approximately 
4% of the elderly population and is often a 
result of myocardial infarction.’ In the 
Framingham study 39% of the patients with 
chronic heart failure had coronary artery dis- 
ease.” In patients with ischaemic left ven- 
tricular dysfunction treatment with xamoterol 
(for up to 3 months) had a beneficial effect.*” 


Phase | — open 


BASELINE 





during a short term 
crossover study 


(12 months) 


* Symptom questionnaire, echocardiography 
exercise test, clinical examination 


Study design. 


Aamoterol (Corwin), a partial agonist at the f, 
adrenoceptor, stabilises the response of the 
heart to sympathetic drive.” 

It has been suggested that treatment with 
drugs that have stimulant activity at the $ 
adrenoceptor may be beneficial in the short 
term but does not show sustained benefit 
because of a reduction in f receptor density.® 

The aim of this study was to reassess the 
effect of withdrawal of xamoterol after chronic 
treatment for 18 months in patients with mild 
to moderate heart failure. 


Patients and methods 

DESIGN 

The study had two phases. Phase I was an 
open study with active treatment (xamoterol 
200 mg twice daily) for 18 months. Phase II 
was a double blind, placebo controlled, 
crossover study, with treatment periods of 4 
weeks (figure). Patients continued treatment 
in an open study. The protocol was approved 
by the ethics committee of the Arhus 
Amtssygehus and the study was conducted in 
accordance with the revised Declaration of 
Helsinki. Patients gave their verbal consent to 
inclusion in the study. 


PATIENTS 
We selected patients aged 44-73 years with 
symptoms of dyspnoea or fatigue or both on 
exercise—that is mild to moderate heart 
failure (New York Heart Association class II- 
III). They had previously completed a short 
term placebo controlled study.’ Patients with 
severe heart failure (class IV) were excluded. 
Other exclusion criteria included: pre- 


Phase I! — double blind 






Continuation 
of open 
treatment 
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menopausal women; pulmonary disease caus- 
ing breathlessness on exercise; sinus tachycar- 
dia >90 beats per minute; any arrhythmia 
requiring treatment; aortic or mitral stenosis; 
hypertrophic obstructive cardiomyopathy; 
serious non-cardiac diseases; inability to com- 
plete 3 minutes of the exercise protocol; con- 
current treatment with digitalis, 8 blockers, 
vasodilators (hydralazine, prazosin), angioten- 
sin converting enzyme inhibitors, calcium 
antagonists, and antiarrhythmic agents. 
Thiazide diuretics at any dose were permitted 
but daily doses were limited to 80mg of 
frusemide, 2 mg of bumetanide, and 100 mg 
of spironolactone. 


METHODS 

Clinical examination 
Patients were assessed every 3 months during 
phase I and at the end of each monthly treat- 
ment period in phase II. This clinical examin- 
ation included auscultation of the heart and 
lungs; measurement of heart rate, blood pres- 
sure, jugular venous pulse; and assessment of 
hepatomegaly and peripheral oedema. 


Quality of life assessments 

Symptoms and daily activities were assessed 
at 12 months by Likert and visual analogue 
scale questionnaires. Each questionnaire 
included questions on the degree of limitation 
by breathlessness, tiredness, chest pain, and 
palpitation. Patients recorded their answers 
on the visual analogue scale with a vertical 
mark through a 100mm horizontal line 
marked at the two extremes “not at all” and 
either “‘very much” or “‘a great deal”. For the 
Likert scales answers were rated on a 4 or 5 
point scale by the physician.’ 


Effort tolerance 

Effort tolerance was assessed by a symptom 
limited exercise test on a Siemens bicycle 
ergometer that started at 50 W and increased 
by 25 W every 3 minutes. Heart rate and 
blood pressure were measured at the end of 
each 3 minute period, when exercise stopped, 
and at 1 and 3 minutes after exercise. The 
duration of exercise was recorded and the total 
work done calculated. The reasons for stop- 
ping exercise were recorded. 


Echocardiography 

The ejection fraction was measured at 
baseline and after 12 months by echocar- 
diography. Patients were examined with an 
Aloka scanner while supine. 


STATISTICAL ANALYSIS 

Analysis of variance was used to detect any 
differences between treatments. Any sig- 
nificant treatment effect was assessed by an F 
test. P values <0-05 were regarded as sig- 
nificant. Data generated during the open 
phase (phase I) were expressed as means and 
standard error or medians. 


. patients 
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Results 

CHARACTERISTICS AT BASELINE 

After completing a short term placebo con- 
trolled study,’ 18 of the 21 patients who had 
responded continued in this long term study. 
Table 1 lists the characteristics of the patients 
(mean age 62:2 years (range 44-73), 12 men and 
six women). Seventeen patients were classed in 
New York Heart Association II and one in class 
III. The aetiology of the heart failure in this 
group of patients was ischaemic heart disease. 
All patients had a history of myocardial infarc- 
tion. 


WITHDRAWALS 

Three patients withdrew during phase I. One 
patient withdrew after 3 months because of 
deterioration and psychological problems (he 
later died of a myocardial infarction), one 
completed 6 months but failed to. attend his 
next appointment, and one patient died after 9 
months’ treatment because of a lung tumour 
that had been present before entry to the study. 
Data from one patient were not included in the 
analysis because his treatment was not contin- 
uous. The analysis therefore includes data from 
14 of the 18 patients initially entered in the 
study. (Since the end of the study two patients 
have died after 30 and 33 months’ treatment. 
Twelve patients are continuing treatment.) 


EXERCISE TEST 

Both exercise duration and work done were 
significantly higher on xamoterol than placebo 
after treatment for 18 months (table 2). Eleven 
out of 14 patients exercised for longer on 
xamoterol; the mean difference in exercise 
duration was 61-4 seconds (p < 0:05). The 
increase in the amount of work done was 6-3 kJ 
(p < 0-05). The maximum exercise heart rate 
was significantly reduced from 129:5 (2-3) 
seconds on placebo to 112-3 (2:3) seconds on 
xamoterol (p < 0-0005). The main reason that 
stopped exercise was dyspnoea, 
accompanied by fatigue in some patients. Com- 
pared with baseline the mean exercise duration 
after 18 months’ treatment was not signifi- 
cantly different. However, after 1 month’s 
treatment with placebo the exercise duration 
was significantly reduced. 


Table 1 Characteristics of patients at baseline 





12, 6 
62-2 (44-73) 


IJ 17 


Angina pectoris 
Peripheral oedema 5 


1 

1 

Raised venous pulse 2 
Bateger tea a aae 7 
SaN ORU pe ats 


yocardial 
Ventricular aneurysm 
Hypertension 
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Table 2 Exercise results {n = 14) 
Peet EIEEE ARO PEE SEE re a Te ee aN E eS ET OT 


Variable 





Baseline Xamoterol Placebo 
Exercise duration (s) 419 7 (43 5) 441 1 (15 6)* 379 7 (15 6)* 
Work done (kJ) 30 2 (4 7) 31-8(17 25517 
Heart rate at maxumum exercise (beats/min) 125 6 (5-2) 112 3 (2 3) 129-5 (2 3) 





p = *0 016; t0 02, t0 0002. 


SYMPTOMS AND DAILY ACTIVITIES 

Table 3 shows the results with the Likert 
scales. Those patients who were not troubled 
by a particular symptom throughout the study 
have not been included in this analysis. Apart 
from questions on sleep the answers to every 
question tended to favour xamoterol, par- 
ticularly in terms of tiredness, breathlessness, 
speed and difficulty with walking, and dif- 
ficulty with daily tasks. Improvement in tired- 
ness and breathlessness was confirmed by 
assessment with the visual analogue scales 
(table 4). Patients also reported not having to 
rest as often while doing daily tasks. 


EJECTION FRACTION 

The mean ejection fraction at baseline was 43-8 
(4:2)% and was not changed after 12 months 
(43-3 (3-2%)). 


CLINICAL SIGNS OF HEART FAILURE 

At entry 11 of the 14 patients had one or more 
signs of heart failure. The most frequent sign of 
heart failure was basal creptitations (eight 
patients); after 18 months no patients presen- 
ted with this sign. 


CONCURRENT TREATMENT 

All but one patient were receiving diuretics. 
None of the patients needed an increase in 
concurrent treatment for heart failure over the 
18 month period of the study. 


ADVERSE EFFECTS 

There were few adverse comments during the 
study. Most comments related to symptoms of 
heart failure—that is, dyspnoea, fatigue, pain in 
the chest, and tiredness. In addition, two 
patients said they “‘felt unwell” (in one case a 
common cold), two patients complained of 
palpitation, and one patient developed 
idiopathic hypercalcaemia that reverted to nor- 
mal within a few months while he was still 


taking xamoterol. 


Discussion 
The effect of xamoterol has been established 


Table 3 Patients (n) with symptoms and impairment of activities at baseline and after 
12 months treatment 


After 12 months’ treatment 

At baseline (n) Better Same Worse 
Tiredness 14 9 4 1 

14 1] 3 Q 
Chest pain 13 7 4 2 
Palpitation 10 5 2 3 
Difficulty walking 13 9 3 1 
Speed of i 14 13 1 0 
Difficulty with tasks 13 10 1 2 
S of doing datly tasks 14 2 1! 1 

10 4 5 I 
Sleep 8 3 1 4 
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Table4 Medran values (mm) for visual analogue scales 
(for 11 patients) 





After 12 months’ 
Baseline xXamoterol treatment 
Tiredness 246 80 
Breathlessness 20 6 60 
Chest pain 40 50 
Palpitation 40 40 


in several studies lasting up to 3 months.’ 
This study showed that clinical benefit is still 
maintained after 18 months’ treatment with 
xamoterol. 

Over a period of 18 months patients with 
mild to moderate heart failure would be expec- 
ted to show signs of deterioration. For example 
Swerdlow et al have shown that as cardiac 
failure progresses the prognosis worsens. In 
this present study exercise capacity during 18 
months did not change from baseline. 
However, withdrawal of active treatment fol- 
lowed by 1 month of treatment with placebo 
significantly reduced exercise duration (by 61-4 
seconds—equivalent to 6-3 kJ of work done). 
These results confirm that efficacy is still 
demonstrable after 18 months’ treatment with 
xamoterol. After xamoterol was stopped there 
was no evidence of a sudden deterioration, 
which suggests there is no rebound effect. In 
addition to the maintenance of exercise 
capacity, other measurements indicate that 
there was no deterioration during the study. 
The most frequent sign of heart failure at 
baseline—basal crepitations—was not reported 
for any patient after 18 months’ treatment; no 
patients needed an increase in concurrent treat- 
ment; at 12 months there was no evidence of 
haemodynamic deterioration as assessed by 
ejection fraction, and assessment of symptoms 
and activities at 12 months by visual analogue 
and Likert scales showed a trend towards a 
relief of symptoms of breathlessness and tired- 
ness and an improvement in activity. 

Apart from xamoterol, long term treatment 
of heart failure with drugs that have a sig- 
nificant stimulant action on f adrenoceptors 
has been unsuccessful (for example pirbuterol, 
prenalterol).'** Only in patients with 
ischaemic heart disease studied by Glover et al 
were any long term beneficial effects of prenal- 
terol seen—effects attributed to the reduction 
in exercise heart rate and consequent anti- 
ischaemic action of prenalterol.'? 

This lack of a sustained effect has been 
attributed to a drug induced down regulation of 
B adrenoceptors and a consequent loss of the 
ability of the above drugs to stimulate the 
failing heart.'’ Xamoterol is a 8, adrenoceptor 
partial agonist that modulates the response of 
the heart to sympathetic stimulation. In 
patients with ischaemic heart disease, at low 
levels of sympathetic activity (during rest and 
modest exercise) the heart receives modest 
inotropic support, improving both contraction 
and relaxation, and during high levels of 
activity the heart is protected against excessive 
sympathetic stimulation and the consequent 
ischaemia. Direct evidence for lack of tachy- 
phylaxis was obtained by Pouleur et al who 
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showed that the inotropic effect of xamoterol 
was maintained after 2 months (200 mg by 
mouth twice daily).'* It is probable that the 
sustained clinical benefit after 3 months” and 
18 months’ treatment as shown in this study is 
related to the particular level of partial agonist 
activity possessed by xamoterol at the $, 
adrenoceptor and its lack of any agonist activity 
at the f, adrenoceptor —characteristics that 
distinguish xamoterol from pirbuterol and 
prenalterol. 

Many patients with heart failure have co- 
existing angina—72% in this study. Treatment 
of patients with heart failure and angina poses a 
dilemma.” The aim is to relieve the symptoms 
of congestion and chest pain and to improve 
pump’ function and prevent arrhythmias. 
Treatment to improve cardiac performance by 
inotropic stimulation may increase ischaemia 
and treatment with $ adrenoceptor blockers for 
ischaemia reduces cardiac contractility and 
therefore increases the risk of pump failure. 
Xamoterol improved cardiac performance 
without an increase in myocardial oxygen con- 
sumption, had antianginal effects” and in this 
study improved the signs and symptoms of 
heart failure. 

We conclude that xamoterol is an alternative 
to the conventional treatment of mild to 
moderate heart failure associated with 
ischaemic heart disease because it improved 
exercise tolerance,- patient symptoms and 
activities, and haemodynamic variables and 
sustained this effect in the long term without 
side effects or the development of tolerance. 


We thank Professor Eva Steiness, Mike Snow, and Margaret 
Day for valuable advice. 
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Transoesophageal echocardiography improves the 
diagnostic value of cardiac ultrasound in patients 
with carcinoid heart disease 


Lennart Lundin, Johan Landelius, Bertil Andrén, Kjell Oberg 


Abstract 
Transthoracic and transoesophageal 
cardiac echocardiography and Doppler 
investigations were performed in 31 con- 
secutive patients with malignant mid- 
gut carcinoid tumours. The transoeso- 
phageal images allowed measurement of 
the thickness of the atrioventricular 
valve leaflets and the superficial wall 
layers on the cavity side of both atria. 
The mean thickness of the anterior 
tricuspid leaflet was significantly 
greater than that of the mitral valve—a 
difference not seen in a control group of 
age-matched patients without carcinoid 
tumours and with normal ‘cardiac 
ultrasound findings. In addition, the 
edges of the tricuspid leaflets were thick- 
ened giving them a clubbed appearance. 
Tricuspid incompetence was detected 
transoesophageally in 71% of the 
patients with carcinoid compared with 
57% by transthoracic investigation. The 
inner layer of the right atrial wall in the 
carcinoid patients was significantly 
thicker than that of the left atrium and 
that of both atria in the controls. 
Furthermore, patients with other signs 
of severe carcinoid heart disease had 
significantly thicker mean right atrial 
luminal wall layer than those with less or 
no signs of right heart disease. 
Transoesophageal cardiac ultrasound 
investigation improved the diagnosic 
accuracy and seemed to show the struc- 
tural changes typical of carcinoid heart 
disease established by histopathological 
investigations. 


Malignant mid-gut carcinoid tumours are 
often associated with a characteristic heart 
disease with pathognomonic endocardial 
deposition of myofibromatous tissue.’ In 
most cases these lesions are confined to the 
right heart where they are localised in the 
subendocardium of both cavities and on the 
tricuspid and pulmonary valves. The cusps 


_ are thickened and immobilised resulting in 


stenosis or incompetence of the valves or 
both. These features cause pressure and 
volume overload of the right side of the heart. 
Restrictive right heart disease has also been 
described and this is probably the result of the 
carcinoid related endocardial fibrous thicken- 
ing of the heart chamber walls.‘* In several 
patients with severe disease similar changes 


were found in the left heart at necropsy——in 
some cases associated with cardiac shunts or 
bronchial carcinoids.’ 67 

At present transthoracic echocardiography 
including imaging and Doppler investigations- 
seems to be the most useful and suitable 
diagnostic tool for detecting carcinoid heart 
disease.*"° The most commonly described 
echocardiographic findings are abnormalities 
of the morphology and motion of the tricuspid 
and pulmonary valves and an increase in the 
dimensions of the right heart cavities. In 
severe cases of right ventricular overload, 
paradoxical interventricular septal contrac- 
tions towards the right ventricle have been 
reported. Doppler ultrasound investigation 
often detects abnormal valvar blood flow 
patterns, the most common finding being 
tricuspid incompetence. 

Transoesophageal echocardiography con- 
tributes important information to cardiac 
investigations in aortic and mitral valve disor- 
ders."' Transoesophageal echocardiography ` 
also aids the detection of atrial abnormalities 
and is a valuable technique for perioperative 
and intraoperative monitoring of myocardial 
function.” The close proximity to the heart 
facilitates the use of high frequency trans- 
ducers and reduces common causes of 
artefacts, both factors that improve the image 
resolution, especially of the base of the heart. 

We examined patients with carcinoid 
tumours prospectively by both transthoracic 
and transoesophageal echocardiography to 
determine whether the transoesophageal 
approach give additional diagnostic informa- 
tion. ~ 


Patients and methods 

PATIENTS 

Transthoracic and transoesophageal investiga- 
tions were attempted in 38 consecutive 
patients with malignant mid-gut carcinoid 
tumours. Seven patients were excluded from 
further analyses because of technically 
inadequate images in five patients and dif- 
ficulties in advancing the transoesophageal 
probe and the inability of two patients to 
tolerate the probe. The remaining group com- 
prised 12 women and 19 men (mean age 58 
years (range 41-75)). Two years before one 
patient had successfully been given tricuspid 
and pulmonary valve replacements because of 
severe carcinoid heart disease and right heart 
failure. The diagnosis of carcinoid disease was 
histologically confirmed in all patients by the 
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Grimelius and Masson silver staining tech- 


niques and by immunohistochemical examin-. 


ation of tumour tissue obtained at biopsy or 
operation.'* Abdominal computed tomogra- 
phy and ultrasound showed liver metastases in 
all patients and all had the classic signs and 
symptoms of carcinoid syndrome—that is 
flush, diarrhoea, and raised urinary excretion 
of 5-hydroxyindoleacetic acid. 

Thirteen patients (eight men and five 
women, mean age 48 years (range 28-76)) 
investigated by transoesophageal cardiac 
ultrasound because cardiac disease was sus- 
pected served as a control group for the 
transoesophageal measurements of valve cusp 
thickness and atrial wall dimension. In these 
13 individuals the findings at transthoracic 
and transoesophageal echocardiography were 
regarded as normal. 


METHODS 

All ultrasound investigations were performed 
with a Hewlett-Packard real-time scanner (HP 
Sonos 500, version K). The transthoracic 
images were almost exclusively obtained with 
a 2-5 MHz imaging probe (sometimes 35 
MHz) that also provided facilities for pulsed 
wave Doppler including colour flow mapping. 
The methods we used for imaging and 
measuring are described elsewhere.” The 
tricuspid valve was regarded as abnormal if 
the leaflets were thickened and cusp motion 
was reduced. When there was also con- 
comitant pansystolic valvar incompetence (see 
below) structural abnormalities were actively 
sought. All patients were examined by pulsed 
and continuous wave Doppler recordings with 
spectral analyses and colour flow mapping. A 
2:5 MHz imaging transducer was used for the 
colour flow mapping in all patients because 
this frequency is more sensitive in adult 
patients than higher frequencies. Though 
Doppler ultrasound in several investigations 
of healthy individuals showed valvar incom- 
petence, especially of the tricuspid valve, 
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there is no definition of what constitutes an 
abnormal degree of regurgitation detected by 
Doppler. Recordings showing pansystolic 
tricuspid valve regurgitation and pandiastolic 
pulmonary valve regurgitation. were regarded 
as abnormal in this study. 

Transoesophageal echocardiography was 
performed with a Hewlett-Packard echoscope 
consisting of a 5-0 MHz, 64 element, 
11 x 14mm transducer mounted on the dis- 
tal tip of a gastroscope. The distal part of the 
echoscope could be manipulated by two exter- 
nal wheels with a deflection range of 90° left/ 
90° right and 120° up (anterior)/90° down 
(posterior). Patients fasted for 4 hours before 
the procedure about which they were fully, 
informed. The echoscope was introduced with 
the patient in the supine, left lateral position 
after the echoscope tip had been covered with 
anaesthetic gel and slight pharyngeal aerosol 
anaesthesia had been applied. We recorded all 
registrations on a VHS video recorder using 
the PAL/Secam standard. 

The Hewlett-Packard system displays dis- 
tance measurements by means of internal 
callipers on the screen to an accuracy of one 
hundredth of a mm on images when the 
closest ranges of the system are used. This 
numerical accuracy is based on the physical 
properties of the internal digital matrix of the 
scanner. Such an accuracy is spurious com- 
pared with the capabilities of other compon- 
ents of the imaging system. The best image 
resolution obtainable is that of the wavelength 
of the emitted ultrasound at the velocity of 
speed of 1570 m/s. Thus the resolution would 
be 0:3 mm in the axial direction of the sector 
image. But other factors also influence resolu- 
tion—such as, transducer sensitivity and the 
engineering physics used to transform the 
returning analogue reflection pattern for con- 
version into a digital scan matrix and the 
different algorithms used to produce the final 
image presented by a video system. In prac- 
tical terms, if all measurements on the trans- 
oesophageal images are optimised along the 
axial direction of the image it is reasonable to 
claim a precision of 0-5 mm because there are 
no image artefacts and the transducer is close 
to the heart. Because the technique is used to 
measure relative differences between pairs of 
structures the precision of the true physical 
measurement is less important. 

We measured the thickness of the anterior 
tricuspid and mitral leaflets at their midpoints 
and the thickness of a layer on the cavity sides 
of the right and left atrial wall (fig 1). Two 
experienced investigators independently 
selected the best available images to measure 
these dimensions from the video recordings. 
The results, taken from the system as they 
were presented, were compared by means of 
Student’s ¢ test for paired values. No sig- 
nificant interobserver difference was found. 
The mean values of the two observers were 
thereafter corrected to the nearest 0-5 mm. 

The data were assessed by Student’s ¢ test 


Figure 1 Schematic illustration of the measurements in the transoesophageal images: 
superficial wall layer on the cavity side of the right (1) and left (2) atrium and 
thickness of middle part of the anterior leaflet of the tricuspid (3) and mitral (4) valves. 
LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. 


for paired values and independent groups 
and by analysis of variance with multiple 
comparisons when appropriate. 


Table 1 Transthoracic Doppler and echocardiographic 
findings in 31 patients with malignant mid-gut carcinoid 
tumours 
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Finding No y7 
Tricuspid abnormalities: 19/31 61 

Thickened cusp 8/30 26 

Decreased cusp motion 6/30 20 

Tricuspid incompetence 17/30 57 
Pulmonary valve incompetence 9/26 35 
Right atrial enlargement 18/3] 58 
Right ventricular enlargement 10/31 32 
Paradoxical septal contractions 8/31 26 
Normal right heart 7/31 23 
Results 


Transthoracic investigation 

A right heart abnormality was found in 24 
(77%) of the 31 patients. Table 1 shows the 
frequency of the different abnormalities. 
Tricuspid abnormalities, including the detec- 
tion of pansystolic tricuspid incompetence by 
Doppler, were found in 19 (61°,). The tricus- 
pid leaflets were thickened in eight (26% ) and 
in severe cases the edges were clubbed. The 
image resolution did, however, not permit the 
thickness of the tricuspid leaflet to be 
measured, Nine (35%) of the 26 patients in 
whom Doppler registrations of the pulmonary 
flow were satisfactory had pandiastolic pul- 
monary valve incompetence. The right atrium 
and ventricle were enlarged in 18 (58% ) and 10 
(32%) respectively, and eight (26%) of the 
patients had paradoxical interventricular septal 
contractions. 

In seven patients transthoracic echocar- 
diography showed a normal right heart (group 
1). In eight it showed morphological or func- 
tional abnormalities of the tricuspid valve, 
enlargement of both the right atrium and 
ventricle, and paradoxical septal systolic con- 
tractions (group 3). The remaining 16 patients 
(group 2) had one or more but not all the signs 
of right heart disease seen in the patients in 
group 3. 


Transoesophageal investigation 

Transoesophageal images of the four cavities of 
the heart and the aortic, mitral, and tricuspid 
valves were adequate in all patients but the 
pulmonary valve was visualised only in a few. 
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Figure 2 Transoesophageal cross sectional 
echocardiogram from a patient with carcinoid heart 
disease showing abnormal anterior tricuspid leaflet with a 
clubbed edge to the cusp. RA, right atrium; RV, right 


ventricle. 


There were similar difficulties in obtaining 
adequate colour Doppler registrations of the 
pulmonary flow; colour flow mapping of the 
other three valves was good. 

In 16 patients (53% ) thickening of the edges 
of the tricuspid leaflets gave them a clubbed 
appearance (fig 2). Some patients in groups 1 
and 2 but none of the controls had clubbed 
tricuspid leaflets. All patients in group 3 with 
native valves had thickened leaflets and incom- 
petent tricuspid valves. In one patient who 2 
years earlier had tricuspid and pulmonary valve 
replacements, the bioprosthetic valves were 
competent and there were no morphological 
abnormalities. Tricuspid incompetence was 
seen in two patients in group 1 and 13 in group 
2 (table 2). In total, 22 (73%) of the patients 
with carcinoid had tricuspid incompetence. 
Tricuspid incompetence was detected by 
transoesophageal colour flow mapping in five 
patients in whom transthoracic examinations 
by pulsed and continuous wave Doppler and 
colour flow mapping had not shown an incom- 
petent valve. 

The mean thickness of the tricuspid leaflet 
was significantly greater in group 3 than in 
group | (p < 0:01), group 2 (p < 0-05), or the 


Table 2 Transoesophageal ultrasound findings in 31 patients with malignant mid-gut carcinoid tumours grouped by 
degree of carcinoid heart disease and in 13 controls with normal cardiac ultrasound findings and without carcinoid 


tumours 


aaee 


Carcinoid patients 





All 
[n = 31) 


Group 





] 2 3 Controls 
in = 7) [n = 16) (in = 8) (n= 13) 


e 


Anterior leaflet thickness (mm) (mean (SD)): 


Tricuspid valve 1-34 (0-30) 
Mitral valve 1:26 (0:25) 
Superficial luminal wall layer thickness (mm) 
(mean (SD)): 
Right atrium 2-26 (0-56) 
Left atrium 1-21 (0:25) 
Clubbed tricuspid edges (no (°, )’ 16/30 (53) 
Tricuspid incompetence on Doppler (no (°,,)) 22/30 (73) 


1-21 (0-27)** 1-28 (0-31)* 1-56 (0-18) 1-08 (0-19)** 
1-14 (0:24) 1-28 (0-26) 1:31 (0:26) 1:15 (0:24) 
2-00 (0:29)*** 2-00 (0-26)*** 3-0 (0-53) 1-15 (0-24)** 
1-36 (0-24) 1-16 (0-24) 1-19 (0:26) 1-15 (0-24) 
2/7 (29) 7/16 (44) 7/7 (100) 0 

2/7 (29) 13/16 (81) 7/7 (100) 0 


Á 


Asterisks indicate significant differences when group 3 was compared with groups 1, 2, and controls. 


*p < 0-05; **p < 0-01; ***p < 0-001. 
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Figure 3 
Transoesophageal cross 
sectional echocardiogram 
in a patient with carcinoid 
heart disease (A) andina 
patient with normal 
cardiac ultrasound 
findings without carcinoid 
tumour (B). The images 
show thickening of the 
superficial wall layer on 
the cavity side of the right 
atrium tn the patient with 
carcinoid disease. LA, left 
atrium; RA, right atrium; 
RV, right ventricle. The 
scale is the same in both 
figures. 


Figure 4 
Transoesophageal cross 
sectional echocardiogram 
from a patient v ith 
carcinoid heart disease 
showing irregular luminal 
margin of the right atrial 
wall (indicated). RA, 
right atrium; RV, right 
ventricle. 








control group (p < 0-001). There were no 
significant differences in leaflet thickness bet- 
ween the controls and groups | and 2 (table 2). 
Mitral leaflet thickness did not differ sig- 
nificantly between any of the four groups. 
There was no significant difference between 
the tricuspid and mitral cusp thickness in any 
of the groups. 

The mean thickness of the normally rather 
faint wall layer (fig 3B) on the cavity surface of 
the right atrium was significantly greater 
(p < 0-001) than that of the left atrium in the 
31 patients with carcinoid; there was no sig- 
nificant difference between these dimensions in 
the control group (table 2). In addition, in 90% 
of the patients with carcinoid disease this wall 
layer was > +2 SD thicker than the mean for 





the control patients. The patients in group 3, 
who had the most advanced carcinoid heart 
disease at the transthoracic echocardiographic 
examination, also had a significantly thicker 
(p < 0-001) right atrial wall layer than the 
patients in groups 1l and 2 or the controls. In 
addition, the luminal margin of the right atrial 
wall was often more echodense in patients with 
carcinoid heart disease, giving the wall a 
“typical” double contour (fig 3A). In some 
patients the inner margin of the atrial wall 
formed crypts and ridges (fig 4). The cardiac 
abnormalities detected by ultrasound examina- 
tion were subsequently confirmed at operation 
when two patients with severe carcinoid heart 
disease had valve replacement. 


Discussion 

In this prospective study of patients with 
malignant mid-gut carcinoid tumours, trans- 
thoracic cardiac ultrasound investigation 
detected right heart abnormalities that resem- 
bled those reported earlier, although they were 
somewhat more common in the present 
study.'*'® The right heart was abnormal in 
77% (22/30); the most common abnormalities 
were morphological or functional changes in 
the tricuspid valve and enlargement of the right 
atrium. Pulmonary valve incompetence, right 
ventricular enlargement, and paradoxical sys- 
tolic septal contractions were found in 26-35", 
of the patients. 

Transoesophageal cardiac ultrasound gave a 
closer view of the shape and function of the 
atrioventricular valve and the characteristics of 
the atrial walls. We often found that the leaflet 
margins were clubbed and the cusps of the 
tricuspid valve were thickened; this accords 
with histopathological findings in patients with 
carcinoid disease. We found that the middle 
of the anterior tricuspid leaflet was thicker in 
patients with severe carcinoid disease than in 
patients with less severe disease and in the 
controls. The echocardiographic measure- 
ments in carcinoid patients and in the controls 
were somewhat higher than Sahaskul et al 
found in necropsy specimens of normal 
hearts. The reason for this discrepancy is not 
obvious but angular mismatch between the 
ultrasonic beam direction and the measured 
structure could result in an overestimation by 
the ultrasonic measurements. We were, 
however, careful to choose images obtained 
with the beam at 90° to the structure. The 
discrepancy could be the result of the technical 
difficulties with echocardiographic resolution 
described in the methods section. However, the 
limit of resolution is likely to be <0°5 mm 
rather than >0:-5 mm. Measurements made 
with a micrometer might be underestimations 
because the tissues may have been compressed. 
Finally, living tissues with normal tissue fluid 
dynamics may truly have different dimensions 
after death. i 

Although the angle between the tricuspid 
flow and the ultrasound beam often made flow 
velocity determinations by spectral Doppler 
analysis impossible, transoesophageal colour 
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flow mapping detected tricuspid incompetence 
in five patients in whom it was not detected by 
transthoracic investigations. ‘The pulmonary 
valve and its flow patterns, however, were more 
often successfully investigated by transthoracic 
rather than transoesophageal investigation, al- 
though in a few patients the pulmonary valve 
characteristics were well displayed by trans- 
oesophageal echocardiography. 

Because the transoesophageal transducer 
was close to the atria it generated images that 
showed different types of atrial wall mor- 
phology in patients with and without carcinoid 
heart disease. In controls the walls of both atria 
had a double contour with a thinner echodense 
layer of similar thickness on the cavity side. In 
most patients with carcinoid heart disease this 
layer was sharper and significantly thicker in 
the right atrium than in the left atrium and 
thicker than in both atria in the controls. The 
abnormalities of the right atrial wall were also 
more pronounced in patients withother signs 
of severe carcinoid heart disease““The mean 
(SD) luminal atrial wall layer which was*2-26 
(0-56) mm in the carcinoid patients, could be 
the echocardiographic image of the carcinoid 
endocardial myofibromatous tissue deposition, 
which histology showed was approximately 
2 mm thick.’ At operation in two patients with 
severe carcinoid heart disease we found patchy 
irregularities that seemed to increase the 
endocardial thickness. This may explain why 
transoesophageal echocardiography showed 
thickening of the inner layer of the right atrial 
wall and irregularities of the inner surface of 
the atrial wall which in some sites may have 
made the atrial wall trabeculation more pro- 
nounced. 

We found that transoesophageal echocar- 
diography improved the sensitivity of cardiac 
ultrasound investigation in patients with car- 
cinoid tumours by showing the subendocardial 
myofibromatous tissue that is typical of carcin- 
oid heart disease. The increase in tissue dimen- 
sions accorded with earlier histological esti- 
mations. Transthoracic cardiac ultrasound 
currently seems to be a suitable method of 
screening patients with carcinoid disease for 
cardiac abnormalities. The high resolution 
images obtained by the transoesophageal tech- 
nique offer a possibility for detection and 
follow up of less advanced morphological and 
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functional abnormalities. The place of trans- 
oesophageal echocardiography in routine prac- 
tice, however, remains uncertain except in 
those patients who are poor subjects for trans- 
thoracic echocardiography. In patients with 
prosthetic valves the technique might detect 
carcinoid lesions on the prosthetic valves; such 
lesions have been found at necropsy in one 
patient. 


This study was supported by the Faculty of Medicine, Univer- 
sity of Uppsala, the Ludwig Insutute for Cancer Research, 
University Hospital, Uppsala, and the Swedish National 
Association Against Heart and Chest Diseases, 
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Echocardiographic diagnosis of a ruptured 
aneurysm of the sinus of Valsalva: operation 
without catheterisation in seven patients 


Yongyuth Sahasakul, Pradit Panchavinnin, Suphachai Chaithiraphan, Prinya Sakiyalak 
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Abstract 

A ruptured aneurysm of the sinus of 
Valsalva was diagnosed by Doppler, 
colour, and cross sectional echo- 
cardiography in a consecutive series of 
seven patients. The diagnoses were con- 
firmed at operation without cardiac 
catheterisation. Examination by pulsed 
and continuous Doppler echocardio- 
graphy showed continuous turbulence in 
six patients with aneurysms rupturing 
into the right ventricular outflow tract 
and in the patient with rupture of an 
aneurysm of the non-coronary sinus into 
the right atrium. Colour Doppler 
echocardiography showed turbulent flow 
across the defects in all seven patients. A 
ventricular septal defect with aortic 
regurgitation was detected in one patient 
and an associated ventricular septal 
defect in another. 

Doppler, colour, and cross sectional 
echocardiography were useful non- 
invasive techniques for diagnosing a 
ruptured aneurysm of the sinus of 
Valsalva without the need for cardiac 
catheterisation. 


A ruptured aneurysm of a sinus of Valsalva is 


‘relatively rare. It occurs as an isolated defect 


or with other cardiac anomalies. The 
reported incidence in oriental countries is 
higher than in Western countries.*° Before 
cross sectional colour Doppler echo- 
cardiography became available ruptured 
aneurysms of the sinus of Valsalva were 
difficult to diagnose. The auscultatory 
findings may resemble those in various other 
diseases such as coronary arteriovenous 
fistula, persistent ductus arteriosus, aortic 
regurgitation, or ventricular septal defect 
associated with aortic regurgitation. 

We assessed the feasibility of diagnosing 
ruptured aneurysms of the sinus of Valsalva in 
seven patients with cross sectional colour 
Doppler echocardiography without the use of 
cardiac catheterisation. 


Patients and methods 

PATIENTS 

Between May 1987 and April 1989, we 
examined seven oriental patients (five men and 
two women aged 28—41 (mean (SD)) 35 (5)) 
with a ruptured aneurysm of a sinus of Valsalva 
with cross sectional colour Doppler echocar- 


diography. The diagnosis was confirmed at 
operation without catheterisation. Six of them 
had ruptured from the right sinus; one had 
ruptured from the non-coronary sinus. Pulsed 
and continuous wave Doppler and colour 
echocardiography were performed in the 
standard fashion with an Aloca SSD 860 
echocardiograph. 

The cross sectional echocardiographic 
criteria for diagnosis of a ruptured aneurysm of 
a sinus of Valsalva were: (a) the root of the 
aneurysm was above the aortic annulus, (b) the 
aneurysm was saccular, and (c) the size of the 
aorta above the aneurysm was normal. Doppler 
and colour echocardiographic study showed: 
(a) continuous turbulence detected by pulsed 
wave Doppler just distal to the area of rupture; 
(b) continuous turbulence at high velocities 
detected by continuous wave Doppler and; 
(c) colour flow mapping showed mosaic 
turbulence across the ruptured aneurysm in 
real time. 


Results 

CROSS SECTIONAL ECHOCARDIOGRAPHY 
According to the criteria of cross sectional 
echocardiography alone all seven patients had 
aneurysmal sacs. In six of thenr aneurysm 
affected the right sinus of Valsalva. The 
aneurysms were of different sizes, but they all 
protruded anteriorly, caudally, and to the left 
(fig 1). However, rupture of the aneurysm often 
could not be established by cross sectional 
echocardiography alone. In the only patient in 
whom the aneurysm affected the non-coronary 
sinus of Valsalva (patient 5, table) it protruded 
into the right atrium (fig 2). 


COLOUR DOPPLER ECHOCARDIOGRAPHY 

Both pulsed and continuous Doppler echo- 
cardiography showed continuous turbulence in 
the right ventricle in all six patients with 
rupture into the right ventricular outflow tract 
(fig 1); in the patient with ruptured aneurysm 
of the non-coronary sinus the turbulence was 
detected in the right atrium (fig 2). An 
associated ventricular septal defect was suspec- 
ted in two patients (1 and 2) in whom contin- 
uous Doppler echocardiography showed high 
velocity prominent systolic flow at the level of 
the subpulmonary ventricular septum just 
below the aneurysm of the right sinus of 
Valsalva in the parasternal long axis view (fig 
1). At operation a subpulmonary ventricular 
septal defect was seen in these two patients; 
however, continuous Doppler echocardiogra- 
phy did not detect an associated ventricular 
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Figure 1 Cross sectional 
echocardiograms in patient 
2. (A) A parasternal long 
axis view showing an 
aneurysm of the right sinus 
of Valsalva (arrou 
protruding caudally and 
located above the aortic 
annulus. (B) A short axis 
view at the aortic valve 
showing the aneurysm 

arrow) protruding 
anteriorly and leftward. 
Colour echocardiograms in 
a parasternal long axis 
view (C) and ina short 
axts view (D) showing a 
mosaic turbulent jet 

arrow ) across the 
ruptured aneurysm. 
Continuous wave Doppler 
echocardiograms showing 
continuous velocity (E 
and prominent high 
systolic velocity of 2-8 m/s 

F) in different views 
AO, aorta; LA, left 


atrium; LV, left ventricle: 


MPA, main pulmonary 
artery; RV, right 
ventricle. 
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septal defect in another patient (patient 6). 
Colour flow mapping showed turbulence 
across the ruptured aneurysm in every patient 
(figs 1 and 2). Colour Doppler echocardiogra- 
phy showed evidence of associated aortic 
regurgitation in patient 1; this was confirmed at 
operation. 


Discussion 

DOPPLER AND CROSS SECTIONAL 
ECHOCARDIOGRAPHIC FEATURES OF A RUPTURED 
ANEURYSM OF THE SINUS OF VALSALVA 

Like the patients reported by Chiang er al, all 
sıx aneurysms of the right sinus protruded 
anteriorly, caudally, and to the left. This 
unique protrusion pattern caused blood to flow 
caudally into the right ventricle across the 
aneurysm in a parasternal long axis view and 
anteriorly and leftward in a short axis view 
fig 1). Both pulsed and continuous Doppler 
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echocardiography showed continuous high 
velocity turbulence in the right ventricular 
outflow tract in all patients with a ruptured 
aneurysm of the right sinus; in the patient with 
a ruptured aneurysm of the non-coronary sinus 
turbulence was detected in the right atrium. 
The high systolic velocity detected in the 
subpulmonary region by continuous Doppler 
echocardiography was strongly suggestive ofan 
associated ventricular septal defect, which was 
confirmed at operation in two patients. In one 
patient a ventricular septal defect was not 
detected by Doppler echocardiography 
because part of the aneurysm overlay the 
ventricular septal defect or the jet of ventricular 
septal defect was not parallel to the echo beam. 
The surgeon always looked for the associated 
ventricular septal defect in these patients at 
Operation because such an association is 
common in oriental countries.’ 


Echocardiographic diagnosis of a ruptured aneurysm of the sinus of Valsalva 


Figure 2 Cross sectional 
echocardiogram in short 
axis view (A) in patient 5 
showing an aneurysm of 
the non-coronary sinus of 
Valsalva (arrow). Colour 
flow mapping in (B) 
showed a mosaic turbulent 
jet (arrow) across the 
ruptured aneurysm. AO, 
aorta; LA, left atrium; 
RA, right atrium; RASV, 
ruptured aneurysm of the 
sinus of Valsalva; RV, 
right ventricle; TV, 
tricuspid valve. 





In all seven patients we detected a con- 
tinuous turbulent flow by Doppler echo- 
cardiography in the chambers with which the 
ruptured sinus of Valsalva communicated and 
we saw the mosaic pattern of turbulent colour 
flow across the ruptured aneurysm. The con- 
genital origin of the disease was confirmed at 
operation in all seven patients. 

In earlier studies contrast echocardiography 
was useful in aiding diagnosis of a ruptured 
aneurysm of the sinus of Valsalva.’® We found 
that the Doppler colour flow technique was 
probably better than contrast echocardio- 
graphy in showing the turbulence of blood flow 
across the site of rupture into the communicat- 
ing cardiac chamber. We know of no reports of 
the use of transoesophageal echocardiography 
in this disorder.’ In theory transoesophageal 
echocardiography should be useful for the 
examination of aneurysms of the sinus of 
Valsalva, particularly when they have ruptured 
into left and right atria. 


DIFFERENTIAL DIAGNOSIS 

A ruptured aneurysm of the sinus of Valsalva 
must be distinguished from the following con- 
ditions: persistent ductus arteriosus, coronary 
arteriovenous fistula, ventricular septal 
aneurysm, and ventricular septal defect with 
aortic regurgitation.*°®*’ Our experience 
accords with that of Chiang et al who found 
that with right coronary arteriovenous fistula, 
as with ruptured sinuses, the dilatation lies 
above the aortic annulus and that the size of the 
aorta above the dilatation is normal. But, unlike 


197 





an aneurysm of the sinus of Valsalva, the fistula 
is usually tubular rather than saccular and often 
protrudes in a cephalad direction and to the 
right (following the normal course of the right 
coronary artery). In contrast, a ruptured 
aneurysm of the sinus of Valsalva protrudes 
caudally and to the left. In patients with 
ruptured aneurysms of the sinus of Valsalva, 
but not in those with a coronary arteriovenous 
fistula, pulsed, continuous, and colour Doppler 
echocardiography will detect continuous 
turbulent flow at the right ventricular outflow 
tract. Ventricular aneurysms occur below the 
aortic annulus, whereas aneurysms of the sinus 
of Valsalva are always located above the aortic 
annulus. Doppler echocardiography will not 
show turbulent flow in the right ventricle in 
patients with ventricular septal aneurysm 
without rupture. In patients with a ductus 
arteriosus flow in the main pulmonary artery is 
turbulent and there should be no saccular 
aneurysm at the coronary sinuses. In aortic 
regurgitation flow in the left ventricular out- 
flow tract is turbulent but only during diastole, 
whereas rupture of an aneurysm of the right 
sinus of Valsalva into the right ventricular 
outflow tract causes turbulence in the tract 
during both diastole and systole (fig 1). Aortic 
regurgitation should be sought at echocardio- 
graphy because it is reported to be more 
common in patients with ruptured aneurysms 
of the sinus of Valsalva.’ 


ROLE OF CARDIAC CATHETERISATION 
The definitive diagnosis of ruptured aneurysm 


Comparison between echocardiographic diagnosis and operative findings in seven patients with ruptured aneurysm of 


the sinus of Valsalva 


LL ——————oo 








Echocardiography Operative findings 
Case Age Aneurysm Associated Associated 
No (yr) Sex ruptured into: lesions Diagnosis lesions 
nn 
l 32 M RVOT AR, VSD Confirmed Confirmed 
2 31 M RVOT VSD Confirmed Confirmed 
3 28 M RVOT = Confirmed — 
4 40 F RVOT — Confirmed — 
5 37 M RA* — Confirmed — 
6 41 F RVOT — Confirmed VSD 
7 35 M RVOT —- Confirmed — 


*Non-coronary sinus. AR, aortic regurgitation; RA, right atrium; RVOT, right ventricular outflow tract; VSD, ventricular septal 
defect. 
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of the sinus of Valsalva by catheterisation 
depends not only on the presence of a step up 
in oxygen saturation in the right heart but also 
on the demonstration of filling of the right 
heart chambers by contrast medium from the 
ascending aorta.’ At catheterisation we missed 
a few cases of ruptured aneurysm of the sinus of 
Valsalva when contrast medium could not be 
adequately demonstrated in the right ventricle 
because of the rapid heart rate and high cardiac 
output in these patients.” But turbulent flow 
can be detected by colour, M mode, and 
Doppler echocardiography despite rapid heart 
rate and high output state.’ We were able to 


* avoid catheterisation before operation in 


patients with a ruptured aneurysm of the sinus 
of Valsalva after the condition was diagnosed 
by cross sectional and colour Doppler echo- 
cardiography. 


LIMITATION 

Combined cross sectional and colour Doppler 
echocardiography is unlikely to miss a ruptured 
aneurysm of the sinus of Valsalva. It may be 
more difficult to be certain whether there is also 
an associated ventricular septal defect. In an 
isolated ventricular septal defect the drop-out 
may not be detected by conventional cross 
sectional echocardiography alone. But Doppler 
and colour techniques always detected systolic 
turbulence in the right ventricle and Doppler 
showed continuous turbulence when there was 
a ruptured aneurysm of the sinus of Valsalva. A 
prominent systolic signal, however, should 
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raise the suspicion of an associated ventricular 
septal defect. But the absence of such a finding 
does not exclude a ventricular septal defect. 

A ruptured aneurysm of the sinus of Valsalva 
can be diagnosed precisely by careful non- 
invasive evaluation with colour Doppler and 
cross sectional echocardiography. Cardiac 
catheterisation before surgery can be avoided 
in these patients. 
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Abstract 

A large cross sectional study, the Scot- 
tish Heart Health Study, of 10 359 men 
and women from 22 districts of Scotland 
was undertaken to try to explain the 
geographical variation of coronary heart 
disease mortality. Analysis by district 
showed that of the classic risk factors 
only cigarette smoking was strongly 
associated with heart disease mortality 
among both men and women. Mean 
diastolic blood pressure was weakly 
associated with rates among men and 
high density lipoprotein cholesterol 
showed a strong negative association 
among women. Total cholesterol showed 
a weak negative association with heart 
disease mortality, but, because the 
serum concentrations of cholesterol 
were uniformly high in all districts, a 
strong association with mortality would 
not be expected., In both men and women 
many dietary factors showed moderate 
or strong associations with mortality 
from coronary heart disease in a dis- 
trict—of these a low consumption of 
vitamin C was most notable. Other fac- 
tors associated with heart disease 
included alcohol consumption and 
serum triglycerides among men, and 
obesity, physical activity, and serum 
triglycerides among women. Many fac- 
tors associated with heart disease 
showed strong intercorrelations. Clus- 
tering of risk factors (including smoking, 
alcohol, and diet among men, and smok- 
ing, diet, and obesity among women) was 
associated with much of the regional 
variation in heart disease mortality in 
Scotland. 


Regional variation in coronary heart disease 
mortality has been investigated for many years 
in the search for clues to the causation of this 
disease. The early studies were largely of 
physical factors such as water hardness’? and 
climate, and used data from the decennial 
censuses merely to control for socioeconomic 
variables. However, more recent studies have 
been interested in the ability of the socio- 
economic variables to explain geographical 
variation.** There is increasing interest in the 
association of socioeconomic factors with 


mortality’? particularly because the social 
class gradient of coronary heart disease mor- 
tality is widening.’ !° 

These studies have been important in 
providing stimulus and direction to further 
research. However, they leave unanswered the 
question of which individual lifestyle features 
underlie the socioeconomic factors and thus 
the regional variation. One previous study, 
which covered all mainland Britain, measured 
risk factors in individuals to explain regional 
variation. !! 

We showed that Scotland has a complex 
and interesting geographical pattern of mor- 
tality from coronary heart disease’? and that a 
large part of this can be explained by 
socioeconomic variables,® though in contrast 
with England and Wales water hardness is not 
important. One of the major aims of the 
Scottish Heart Health Study was to explain 
the geographical pattern in terms of individual 
risk factors.‘ Two papers on the risk factor 
levels have recently been published.” "$ This 
paper reports an analysis of regional data to 
identify the risk factors associated with coron- 
ary heart disease and data on risk factors 
mediating the association of the socio- 
economic variables with heart disease. 


Patients and methods 

STUDY DESIGN 

The study was conducted in local government 
districts throughout mainland Scotland. 
Twenty one districts were selected and one, 
Glasgow City, which was considerably larger 
than the next largest, was partitioned into two 
parts, giving twenty two study districts. The 
selection of districts ensured good geo- 
graphical spread, a range of urban/rural com- 
position, and coverage of the range of mor- 
tality for coronary heart disease." 

In each district people were selected by a 
two-stage cluster sampling design.” A random 
sample of the general practitioners was drawri 
and their patients sub-sampled to yield a tar- 
get of 450 people aged 40-59 years consisting 
of equal numbers of men and women and also 
equal numbers in the 10 year age groups 40— 
49 and 50-59. Two of the study districts, 
Edinburgh and North Glasgow, participated 
in the overlapping World Health Organisation 
MONICA study,” and included a total of 30 


200 


general practitioners and a target of 800 
people in‘this age range. 


MEASUREMENTS 

Each person completed an extensive question- 
naire that sought information on biographical 
and economic details, past medical history, 
standardised respiratory questions, éxercise, 
smoking, diet, alcohol consumption, diet, per- 
sonality type, and health knowledge. The 
questionnaire was completed before the 
individual attended for examination at a local 
clinic; it was checked for completeness at the 
clinic. A team of three nurses measured 
height, weight, blood pressure (the average of 
two readings with a random zero sphyg- 
momanometer), and carbon monoxide in 
expired air; an electrocardiogram was also 
recorded. A sample of venous blood was taken 
and arrangements were made for a 24 hour. 
urine sample to be collected. Full details of 
the procedure have been published else- 
where. The fieldwork was carried out be- 
tween 1984 and 1986. 


DEFINITIONS 

Hypertension: diastolic blood pressure of at 
least 100 mm Hg. 

Current smoker: self-report of occasional or 
regular cigarette smoking. 

Heavy smoker: self-report of 20 or more 
cigarettes per day. 

Heavy drinker: reported consumption of at 
least 40 units per week for men and 20 units 
per week for women (one unit equals a half 
pint of beer, a measure of spirits, or a glass of 
wine). 

Obesity: body mass index (weight divided by 
height squared of at least 30-0 kg/m? for men 
and 28-6 kg/m? for women). 


STATISTICAL ANALYSIS 

Correlations between the mean values of each 
variable for the districts and the district stan- 
dardised mortality ratios for coronary heart 
disease were assessed by Spearman’s rank 
correlation coefficient. Given that there were 
22 study districts, coefficients larger than 
0-425 were significant at the 5% level and 
those larger than 0:498 were significant at the 
1% level. Rank correlation was used to pre- 
clude difficulty with variables that were not 
normally distributed. The variables selected 
for inclusion in the multiple linear regression 
analyses were approximately normally dis- 
tributed. 


CORONARY HEART DISEASE MORTALITY 

Data on all deaths from coronary heart disease 
(ICD 410-414, 9th Revision) for the age 
groups 35—64 years and the period 1979-83 
were obtained from the Registrar General 
(Scotland). We calculated standardised mor- 
tality ratios separately for each sex using 5 
year age specific mortality rates where the 
standardised mortality ratio for the whole of 
Scotland is defined as 100. 
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Results 

One major aim of the Scottish Heart Health 
Study was to determine the extent to which the 
major risk factors could explain the geo- 
graphical variation of coronary heart disease in 
Scotland. This variation was described in a 
previous paper.® In brief it showed that mor- 
tality was in general high in the West and low in 
the East. Further, in west central Scotland 
there was a grouping of eight districts with very 
high mortality that surrounded two other dis- 
tricts with very low mortality from heart dis- 
ease. This variation is explored in table 1 which 
shows the rank correlations between standard- 
ised mortality ratios for heart disease and 
serum cholesterol, smoking, and blood pres- 
sure separately for men and women. Cigarette 
smoking stands out as being most strongly 
associated with heart disease mortality for both 
men and women. The only other coefficients 
approaching statistical significance were dias- 
tolic pressure in men and high density 
lipoprotein cholesterol in women (significant at 
1%). The latter is a curious result because of 
the large difference in the size of the coef- 
ficients for men and women. Total cholesterol 
showed a weak negative correlation with heart 
disease mortality. However, the district mean 
total cholesterol concentrations were uniformly 
high for men (range 6:1-6-5 mmol/l) and 
women (6:3-6-9 mmol/l} and would not be 
expected to contribute to the regional variation 
in mortality. 

Table 2 shows the relation between the 
socioeconomic variables obtained froin the 
census that were associated with heart disease 
and the major risk factors. Two census vari- 
ables, percentage male unemployment and per- 
centage social classes III-V were selected 
because they had independent explanatory 
effects in an earlier study.° The importance of 
these variables was confirmed in the present 
survey data (table 2) and, as previously, male 
unemployment is more strongly associated 
with heart disease mortality. The relation be- 
tween. these social variables and the major risk 
factors for coronary heart disease also shows 
interesting results. Among men these social 
factors are strongly associated with mean dias- 
tolic blood pressure and the percentage of 


Table 1 Correlation of the major risk factors with 
mortahty from coronary heart disease 








Correlatrons* with heart 
disease 
Male Female 
Blood pressure. 
Mean systolic 0219 0011 
Mean diastolic 0 402 0 234 
Percentage with hypertenmont 0-223 0:299 
Total cholesterol: 
Mean —0-129 —0 207 
Percentage >6 5 mmol/l —0 254 —0-116 
-Mean HDL cholesterol —0 172 —0-609t 
Cigarette smoking: 
Percentage current smokers oon 0 834 
Percentage heavy smokerst 0 574 0-7 





*Spearman’s rank correlation coefficients. 
THypertension and heavy smoking are defined in Patients and 


{Significant at least at the 5% level (p < 0 05). 


Geographical clustering of risk factors and lifestyle for coronary heart disease tn the Scottish Heart Health Study 


Table 2 Relanon between important social variables and coronary heart disease and its 
risk factors among men and women 





Percentage unemployed* Percentage social class I-V 





Male Female Male Female 
Coronary heart disease mortality 0-760T 0 775T 0-598 0-585t 
Systolic blood pressure 0 230 0-094 0 524 0-309 
Diastolic blood pressure 0 506 0-283 0571 0 el 
Percentage current smokers 0-783 0 686+ 0 80 0-816 
Total cholesterol —O177  —0177 -0 114 042 
High density lipoprotein cholesterol — 0:269 — 0-380 0-388 —0 609T 





* Male unemployment rates have been used 
tSigoificant at least at the 5% level (p < 0-05). 


current smokers. Among women only the per- 
centage of current smokers was consistently 
associated with the social factors, with high 
density lipoprotein cholesterol and diastolic 
blood pressure being significantly associated 
with only one social factor. It is again interest- 
ing that total cholesterol shows weak, mainly 
negative associations with the social factors. 

Table 3 shows the association of coronary 
heart disease mortality with dietary variables. 
The variables shown are either individual food- 
stuffs recorded on a food frequency question- 
naire or nutrient values estimated from the 
questionnaire by a method described else- 
where.” Several variables show strong associ- 
ations with heart disease, and, ’as might be 
expected, all these variables are themselves 
highly correlated. These dietary associations 
are similar for men and women. 

In contrast with the similarity seen with diet 
there were considerable differences between 
the sexes in the association of heart disease 
mortality with the other lifestyle features (table 
4). Among men there is a moderate positive 
association with alcohol but for women it is 
weak and negative. In fact alcohol consumption 
in women was low with little difference be- 
tween the districts, so that no association would 
be expected. Strong positive associations with 
obesity and strenuous physical activity at work 
and leisure are only seen among women. 

. Several biochemical variables showed 
associations with heart disease mortality (table 
5). Of these creatinine, both serum and urinary, 
showed strong associations only in men. The 
strong negative association with urinary potas- 
sium was found for both sexes. Only weak 
associations were found for urinary sodium and 
plasma fibrinogen. 

The important questions that the univariate 


Table 3 Association of dietary variables with mortahty 








from coronary heart disease 
Male Female 
Percentage cating: 
No fruit 0-588* 0 §37* 
No green vegetables 0 491* 0-431* 
White bread only 0:611* 0:666* 
Lard > twice/week 0-476* 0:638* 
Average amount per week: 
Eggs 0 563* 0-573* 
Sausages 0 474* 0-572* 
Estimated nutriuonal means: 
Vitamin C —0 731* —0:634* 
Vegetable fibre —0 471% —0 633* 
Total far 0:134 0 382 





*Significant at least at the 5% level (p < 005). 
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Table 4 Assoctation of other lifestyle features with 








mortality from coronary ase 
Male Female 

Alcohol: 

Percentage heavy drinkers 0-519} — 0 358 

Median alcohol* 0 446t -0 269 
Obesity: 

Percentage obese 0171 per 

Mean BMI ~-0 028 0 624 
Physical activity: 

Percentage strenuous at work 0 355 07 

Percentage strenuous at leisure 0-147 0 541 





*Median alcohol consumption was used rather than the mean 
because the distribution of alcohol values was highly skewed. 


tS: tat least at the 5% level (p < 0-05) 
BMI: body man index, 


Table 5 Association of biochermcal variables unth 
mortality from coronary heart disease 


Male Female 
Urinary creatinine — 0 644* —0 273 
Serum creatinine — 0 500* —0 047 
Serum triglycerides 0 472* 0-600* 
Serum uric acid —~ 0-434* 0 073 
Urmary potassium — (}556* —0:705* 





*Significant at least at the 5% level (p < 0 05). 


analyses pose are the extent to which the 
variables are interrelated and to which they 
have independent explanatory effects for heart 
disease mortality. The answer to the first is that 
there is a high degree of interrelation as shown 
in table 6. For example, among men the percen- 
tage of current smokers is strongly associated 
with percentage unemployment, mean urinary 
potassium, mean number of eggs, percentage 
regularly eating lard, and mean vitamin C. 
Further the pattern of correlation of vitamin C 
with the other variables is almost identical to 
that which percentage current smokers has 
with these variables and the same is true of male 
unemployment, consumption of eggs, and lard. 
It seems that there are a set of social, smoking, 
and dietary factors that are associated with 
heart disease mortality and which vary in © 
concert between districts. When a multiple 
regression model is fitted the first of those 
variables to enter will explain (in a statistical 
sense) a major part of the effects of the others, 
though in reality they may have independent 
effects. 

Rather than fitting a model with just one of 
these variables we selected the three variables 
(percentage unemployed, percentage current 
smokers, and mean vitamin C) that showed the 
largest univariate correlations with heart dis- 
ease mortality. Then three separate models 
were fitted, each having one of the selected 
variables forced into the model. The associ- 
ation between the remaining unexplained 
variation in heart disease and the variables not 
in the model was assessed from the magnitude 
of their partial correlations with heart disease 
mortality. Comparison of the three models 
identified the variables that show a consistent 
association with heart disease mortality irre- 
spective of the first independent variable fitted. 
Thus table 7 shows that for men the percentage 
of heavy drinkers and mean egg consumption 
emerge consistently as exerting an independent 
effect. 
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Table6 Correlation matrix of selected variables for men 
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Mean diastolic pressure 0-402 0 431 

Percentage male unemployment 0 760* 0-783* 0 506* 

Urinary potassium —0 556* --0-708* —~0625* —0 595* 

Percentage heavy drinkers 0-519* 0 467 0-322 0:492 — 0 478 

Urinary —0 644* -~0-503* ~—0 353 —0-507* 0 680* 

Serum creatinme —0-500* --0-453  —0-357 —0-356 0 436 
0 563* 0 736* 0-317 0 725* ~ 0-600* 

Lard 0 476 0 859* 0 337 0-698* ~~ 0-576* 

Vitamin C —0-730* —-0781* ~—04T7 —0-774* 0 720* 


*Siegnificant at tk : 1% level (p < 0:01). 


A similar analysis of the data for women 
showed a similar pattern in which groups of 
factors were closely associated (data not 
shown). Smoking correlated positively with 
obesity, consumption of lard and white bread, 
and negatively with urinary potassium and 
vitamin C. The multiple regression models for 
women produced much more complicated 
results than those for men (table 7) with many 
variables showing an association with heart 
disease mortality that was independent of the 
first variable fitted. This complexity is difficult 
to interpret in detail but it suggests that there 
may be more than one grouping of lifestyle 
factors associated with heart disease mortality. 


Discussion 

This study has found a complex pattern of 
associations between coronary heart disease 
mortality and a variety of social, lifestyle, and 
biochemical variables measured at a regional 
level. One advantage of this study is that, 
because it included women as well as men, the 
results in the two sexes can be compared. Of the 
classic risk factors only smoking emerges as a 
strong explanatory variable and its effect is 
stronger for women than men. A limitation of 
this study is that the analysis is based on data 
for groups not individuals. It will only identify 
factors that explain regional differences and 
consequently factors that are important at an 
individual level would not be identified if they 
varied little between regions. There is, 
however, a large geographical variation in the 
mortality from coronary heart disease in 
Scotland, and the purpose of this paper was to 
try to explain it. 


Table 7 Regression models fitted by selecting a single variable 


Variable fitted Vartables anth large* partial correlation coefficients 
Males. 
Unemployment Percentage heavy drinkers, vitamin C, eggs 
Percentage current smokers Percentage heavy drinkers, urinary creatinine, eggs 
Viramm C Percentage heavy drinkers, eggs 
Females: 
Percentage current smokers Vigorous work, heavy drinking, urinary potassium, mean 
aystolic, HDL-cholesterol 
Percentage unemployed Percentage current smokers, HDL-cholesterol, vigorous 


work, lard, triglycerides, heavy drinking, urinary 
potassium, white bread, serum creatinine, obesity. 
Vitamm C Percentage obese, percentage heavy drinkers, vigorous 
work, percentage current smokers, urmary potassium, 
HDL-cholesterol, trigylcerides, percentage 
unemployment, white bread, sausages, eggs, lard 


*Selected as being significant at the 10% level (p, < 0 1). 
HDL, high density lipoprotein. 


Percentage 
Urinary Serum 
$ creahnine creatinine Eggs Lard 

—0-583* 
—0 617* 0-473 

0-277 . —0-568* ~-0-355 

0-219 —0-228  —0:338 0-776* 
—0-464 0-527* 0457 -—-0716* -—-0-755* 


‘The only comparable cross settional study is 
the British Regional Heart Study, which inves- 
tigated men only. It found an association with 
smoking but it also found a rather stronger 
effect with systolic blood pressure.” The range 
of systolic pressure among the 24 towns was 
considerable (from 136 to 153 mm Hg), 
whereas the range was narrower in the present 
study (129 to 138 mm Hg). The present study 
found that only mean diastolic blood pressure 
among men showed a moderate association 
with mortality from heart disease. In neither 
study was there any association between 
regional values of total cholesterol or high 
density lipoprotein cholesterol and heart dis- 
ease mortality in men. Cholesterol] concentra- 
tions in Scotland are uniformly high’ and do 
not contribute to the regional variation. These 
high values of cholesterol are important in 
explaining Scotland’s position at the top of the 
world league for heart disease mortality.” In 
women too total cholesterol was not associated 
with coronary heart disease mortality, so that 
the observation of a strong negative association 
of high density lipoprotein cholesterol is 
interesting. 

The importance of social factors in the 
explanation of the geographical variation in 
mortality from coronary heart disease raises the 
question of the lifestyle features that underlie 
this. The difficulty here is that many lifestyle 
features ‘vary in concert. For example, a diet 
containing a high content of saturated fat foods 
(lard, sausages, and eggs) tends also to be one 
low in fibre, fresh fruit, and green vegetables. 
Thus all these variables are associated with 
mortality from coronary heart disease in both 
men and women. One unexpected finding was 
the inverse relation between serum creatinine 
and mortality from heart disease among men. 
High serum creatinine, through its association 
with hypertension, might be expected to 
correlate positively with heart disease mor- 
tality. However, the association between serum 
creatinine and mean diastolic blood pressure 
was weak, non-significant, and inverse. Fur- 
ther, serum creatine is not just affected by renal 
function but also by diet.” Further, mean 
serum creatinine shows moderate negative 
associations with current smoking, unem- 
ployment, and the consumption of eggs and 
lard. 

In these circumstances it is difficult and 
unwise to choose a particular factor and 
attribute to it the variation in mortality. Thus 
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although vitamin C emerges as the dietary 
factor most strongly associated with mortality 
its effects are interlinked with the other dietary 
factors and with cigarette smoking. The 
association of alcohol and of egg consumption 
with mortality in men could in part be due to an 
association with other factors but in the multi- 
ple regression models both exerted consistent 
independent effects. 

The pattern of associations of variables with 
themselves and with heart disease mortality in 
women is as complex as that for men. There 
was considerable overlap with the men in the 
variables showing a strong association with 
heart disease mortality; however, some vari- 
ables (obesity and high density lipoprotein 
cholesterol) do so only in women. A review of 
myocardial infarction in women concluded that 
the classic risk factors for men were also 
important for women.” The review also sug- 
gested that high density lipoprotein cholesterol 
and triglycerides were also of importance but 
obesity less so. The finding from this study of a 
grouping of factors of which obesity was a 
prominent member could suggest that obesity 
may be more important than previously recog- 
nised or that the risk factors among Scottish 
women may differ from those elsewhere. This 
could be important in view of the specially high 
mortality from heart disease among Scottish 
women.” 
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Replacement of an aortic valve cusp after neonatal 


endocarditis 


R M R Tulloh, E D Silove, L D Abrams 


Abstract ; 

Septic arthritis developed in a neonate 
after an infection of her hand. Despite 
medical and surgical treatment 
endocarditis of her aortic valve 
developed and the resultant regurgita- 
tion required emergency surgery. At 
operation a new valve cusp was 
fashioned from preserved calf pericar- 
dium. Nine years later she was well and 
had full exercise tolerance with minimal 
aortic regurgitation. 


Bacterial endocarditis is an uncommon condi- 
tion in childhood. Despite antibiotics the 
mortality remains high (8% to 40%)? and 
the risk of death is higher in those who need 
emergency surgery.* 


Case report 
A female infant was born on 29 September 
1980 after a normal pregnancy. An emergency 
caesarean section was performed for fetal dis- 
tress and the 3-9 kg baby was delivered 
uneventfully. 

When she was 2 weeks old a tender septic 
spot was noticed on the palm of her left hand 
and a temperature of 39°C was recorded. 
Three days later the right hand was swollen 
and the left thigh became hot and tender. On 
26 October she was admitted to her local 
hospital; an abscess was drained from the left 
hip joint and treatment with intravenous 
ampicillin and cloxacillin was started. Sta- 
phylococcus aureus was cultured from the pus. 
By 16 November swelling and tenderness of 
the left thigh developed and osteomyelitis was 
diagnosed. After additional treatment with 


‘intravenous fusidic acid this seerned to settle 


and she was discharged home on 26 Novem- 
ber. 

She was again admitted on 9 December 
1980 to her local hospital with a history of 
poor feeding, breathlessness, and weight loss 
and was transferred two days later to the 
Children’s Hospital, Birmingham for further 
investigation. On admission she was very ill 
and in gross cardiac failure. The precordium 
was hyperdynamic and there were systolic and 
diastolic murmurs that were loudest in the 
aortic area. The infection in the hip joint 


seemed to be quiescent. Echocardiography 
showed that the non-coronary cusp of the 
aortic valve was flipping in and out of the left 
ventricle. The diameter of the aortic root was 
1-2 cm on M mode echocardiography. Cardiac 
catheterisation and angiography showed 
severe aortic regurgitation through the non- 
coronary cusp. 

That day the aortic valve was explored on 
cardiopulmonary bypass under hypothermic 
arrest. The non-coronary cusp of the aortic 
valve was found to be grossly abnormal. It 
was rolled up into a small bead and floating 
freely, attached only by a string to one com- 
missure. The valve cusp was excised and 
replaced with a piece of preserved calf pericar- 
dium (Ionescu-Shiley prosthesis) tailored into 
the shape of a cusp to extend beyond the 
centre of the aortic lumen and overlap the 
other two cusps. Each commissure was exten- 
ded a little higher than the ‘normal cusps to 
give proper depth to the oversized prosthetic 
cusp. During the operation the heart function 
was seen to improve. 

Postoperatively the cardiac failure resolved 
and she continued to be treated with digoxin 
and frusemide. The presumed infection was 
treated with flucloxacillin and fusidic acid. 
Satisfactory plasma concentrations of the 
antibiotics were achieved. A further complica- 
tion was the development of a septic aneurysm 
of the right common iliac artery, which was 
repaired surgically one week later. The left 
hip was also found to be unstable and dis- 
located. It was splinted in a frog plaster for 4 
months and valgus osteotomy was performed 
in 1986, 

At the most recent follow up in August 
1989 she was almost nine years old taking part 
in ballet and with a full exercise tolerance. 
Clinically there was no evidence of cardiac 
enlargement. A very soft systolic murmur was 
heard in the aortic area with a barely audible 
short early diastolic murmur at the left sternal 
border. Echocardiography showed normal 
opening of the aortic valve with slight thick- 
ening of the non-coronary cusp. The peak 
Doppler velocity in the ascending aorta was 
1-8 m/s and there was evidence of slight aortic 
regurgitation. The left ventricular end dias- 
tolic diameter was 45 cm (slightly greater 
than the upper limit of normal for a child 
weighing 21-4 kg). The diameter of the aortic 
root was 1-8 cm. 


Replacement of an aortic valve cusp after neonatal endocarditis 


Discussion 

This seems to be a unique case of so small a 
child surviving with a good long term result 
after reconstructive surgery on the aortic valve 
after damage by staphylococcal endocarditis. 
Patients who have infective lesions of the 
aortic valve often require emergency surgery 
for life threatening complications. Normally 
this would be valve replacement. This would 
have been both undesirable and extremely 
difficult in such a young child. 

Aortic valve repair has been performed 
previously by extending the cusps with 
preserved pericardium in adolescents and 
adults’ but we have not found a report of cusp 
replacement in an infant. In our patient the 
new cusp was carefully fashioned to allow for 
growth of the child, with the commissures 
being extended to give proper depth to the 
oversized cusp. Such prostheses are likely to 
calcify and this child may require valve 
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replacement later. The good result was proba- 
bly the result of growth of the native cusps, 
which in turn gave support to the pericardial 
cusp. We do not believe that all three cusps 
could be so successfully replaced. The aortic 
valve root has grown along with the child. 
The course so far is extraordinary and 
promising. 
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Hyponatraemia secondary to an inappropriately 
high release of antidiuretic hormone in cardiac 


tamponade 


Peter H Groves, Ajay M Shah, Stephen J Hutchison 


Abstract 

A spontaneous intrapericardial hae- 
morrhage caused cardiac tamponade in 
a 29 year old paraplegic man who was 
being treated with warfarin. The 
associated persistent hyponatraemia, 
which was believed to be caused by: an 
inappropriately high release of 
antidiuretic hormone, rapidly resolved 
after pericardiocentesis. 


Release of antidiuretic hormone increases 
when cardiac tamponade develops.’ The con- 
centration of serum sodium is usually normal 
because the balance between fluid and sodium 
is maintained. We report a case of cardiac 
tamponade in which excessive fluid retention 
caused by an inappropriately high release of 
antidiuretic hormone led to prolonged hypon- 
atraemia. 


Case report 

A 29 year old man was transferred to the 
regional .cardiothoracic centre from a local 
spinal rehabilitation unit, to which he had 
been admitted five months before with 
traumatic tetraplegia at the level of the sixth 
cervical vertebrae. The day after his admis- 
sion to the spinal unit he was treated with 
warfarin because of symptoms and signs sug- 
gestive of pulmonary embolism. Maintenance 
treatment with warfarin was continued and he 
also received dantrolene, baclofen, lactulose, 
and intermittent courses of cephradine and 
gentamicin for urinary infections. Over three 
weeks he became progressively more short of 
breath, but examination on several occasions 
showed no diagnostic signs referable to his 
heart or chest. Initial blood tests showed a fall 
in haemoglobin concentration to 73 g/l and 
serum sodium to 117 mmol/l and a rise in the 
serum concentration of aspartate transaminase 
to 102 IU/1 (normal range 12-30). All other 
tests of electrolytes and liver function were 
within the normal range. 

Though the dose of warfarin was not chan- 
ged his International Normalised Ratio rose to 
10 the day before his transfer; previously it 
had been well controlled. A chest x ray 
showed considerable cardiomegaly with pul- 
monary congestion. On admission to the car- 
diology unit the slightest exertion made him 
breathless; he did not have a fever, his heart 
rate was 90 beats per minute, and his blood 
pressure was 95/70 mm Hg with 10 mm Hg of 
pulsus paradoxus. Jugular venous pressure 


was considerably elevated and heart sounds 
were quiet with no added sounds. An elec- 
trocardiogram showed sinus rhythm with low 
voltage complexes and T wave inversion in 
the inferior leads. Cross sectional echocar- 
diography confirmed the presence of a large - 
pericardial effusion with diastolic collapse of 
both the right atrium and right ventricle 
which with the physical signs confirmed the 
diagnosis of cardiac tamponade. Treatment 
with warfarin was stopped and its effects were 
reversed with fresh frozen plasma and vitamin 
K. The pericardial effusion was tapped, yield- 
ing 1500 ml of heavily bloodstained fluid; a 
pigtail catheter was left in the pericardial 
cavity as a drain. The patient had considerable 
and almost immediate symptomatic relief. A 
further 500 ml of bloodstained fluid drained 
over the next 48 hours by which time only a 
small amount of residual pericardial fluid was 
detectable by echocardiography. The fluid 
contained protein (56 g/l); cytology did not 


show any malignant cells and all 
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microbiological tests were negative. 
Immediately after the pericardial fluid was 
removed the patient had a considerable 
diuresis and the serum sodium returned to 
normal within 36 hours without further treat- 
ment (figure). At repeat echocardiography one 
week and four weeks later there was no reac- 
cumulation of pericardial fluid. 


Discussion 
Hyponatraemia caused by an inappropriately 
high release of antidiuretic hormone has not 
previously been reported in cardiac tampon- 
ade. The haemodynamic effects of cardiac 
tamponade acting via arterial and atrial 
baroreceptors are a potent stimulus to the 
release of antidiuretic hormone.! This re- 
sponse, combined with raised serum concen- 
trations of catecholamines and activation of 
the renin angiotensin system, is aimed at 
maintaining arterial blood pressure in the face 
of a falling cardiac output.? The release of 
atrial natriuretic factor is suppressed (because 
atrial stretch is reduced?*) and an increase in 
renal sympathetic outflow increases tubular 
reabsorption of sodium.’ The overall 
physiological response to cardiac tamponade 
is therefore away from natriuresis and diuresis 
and the balance of these responses is such that 
a normal serum sodium is usually maintained. 
Our patient had prolonged and severe hypo- 
natraemia when progressive cardiac tampon- 
ade developed after spontaneous intrapericar- 
dial haemorrhage. Apart from a short period 
of treatment with intravenous fluids in the 
early stages of this illness, we found no other 
factor that could have exacerbated or caused 
the hyponatraemia. Furthermore, the rapid 
return to normal of serum sodium after 
pericardiocentesis led us to conclude that the 
hyponatraemia and cardiac tamponade were 
directly related. The figure shows that the rise 
in serum sodium after the removal of the 
pericardial fluid was paralleled by an increase 
in urine output. This close relation suggests 
that the hyponatraemia was caused by 
intravascular volume expansion and that its 
rapid resolution resulted from the diuresis 
that followed pericardial drainage. Though 
fluid retention would normally be expected in 
the presence of cardiac tamponade, the extent 
of the volume changes that led to hypon- 
atraemia in this patient could only be 
explained by an inappropriately high circulat- 
ing concentration of antidiuretic hormone. 

We do not know why so much antidiuretic 
hormone was released in this patient. Release 
of the hormone is controlled not only by local 
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osmotic factors but also by neurogenic stimuli 
via the vagus and glossopharyngeal nerves, 
initiated by the effects of changes in systemic 
haemodynamic function on baroreceptors in 
the aortic arch and carotid sinus.” The vagus 
seems to inhibit secretion of antidiuretic hor- 
mone.® Alpha and beta sympathetic stimula- 
tion have opposing effects on the parasym- 
pathetic tone within these pathways and so 
also contribute to the control of the release of 
antidiuretic hormone.’ These nerve pathways, 
however, were unlikely to have been affected 
by the spinal injury in this patient so they 
were probably not part of the underlying 
pathological mechanism. An alternative 
hypothesis is that pericardial fluid reduced 
local afferent vagal tone from the pericardium 
and so lessened the inhibition of the release of 
antidiuretic hormone. Induction of cardiac 
tamponade in anaesthetised dogs was 
associated with decreased afferent nerve traffic 
from the pericardium via the right cardiac 
nerve.’ This local factor could exaggerate the 
usual neurogenic stimuli for release of 
antidiuretic hormone, which are a con- 
sequence of the haemodynamic effects of car- 
diac tamponade. 

We conclude that hyponatraemia may 
develop when there is an imbalance between 
the antinatriuretic and antidiuretic responses 
to cardiac tamponade and that it will resolve 
once the tamponade is relieved. 


We thank Dr R J C Hall for his advice, comments, and 
permission to report case. 


1 Raff H, Cogswell TL, Bernath GA, Klopfenstein HS. 
Vasopressin and A reaponses to acute cardiac tam- 
ponade m conscious dogs. [Abstract] Cha Res 
1986334:899A. 

2 Mancini GBJ, McGillem MJ, Bates ER, Weder AB, DeBoe 
SF, Grekin RJ. Hormonal responses to cardiac tampon- 
ade inhibition of release of atrial natriuretic factor despite 
elevation of atrial pressures. Circulation 1987;76:884—-90. 

3 Edwards BS, Zimmerman RS, Schwab TR, Heublein DM, 
Burnett JC Jr. Atrial stretch, not pressure, is the principal 
determinant controlling the acute release of arnal 
natriuretic factor. Cire Res 1988;62.191--5 

4 Koller PT, Grekin RJ, Nicklas JM Paradoxical response of 
plasma atrial natriurenc hormone to pericardiocentems in 
cardiac tamponade. Am J Cardiol 1987,59:491-2. 

5 Osborn JL, Lawton MT. Neurogenic anunatmiuresis during 
development of acute cardiac tamponade. Am J Physiol 
19863250 H195~201 

6 Baylis PH. Osmoregulation and control of vasopressin 
secretion tn healthy humans. Am J Physiol 1987; 
253 R671-8. 

7 Schner RW, Berl T, Harbottle JA, McDonald KM. Cate- 
cho and rens! water excretion. Nephron 
1975315: 186-96. 

8 Schrier RW, Berl T Mechanism of the anudiuretic effect 
associated with interruption of parasympatheuc path- 
ways J Chn Invest 1972351:2613—20. 

9 Castaner A, Kostreva DR, Kampine JP. Changes im auto- 
nomuc nerve activity during acute pericardial tamponade. 
Cardiology 1980,66° 163-73. 


Royal Brompton and 
National Heart 
Hospital, London 

C Nelson-Piercy 

AF Rickards 

MH Yacoub 


Co ndence to 

Dr C Nelson-Piercy, 
Wexham Park Hospital, 
Wexham, Slough, Berkshire 
SL2 4HL. 


Br Heart J 1990;64:208-10 


Aberrant origin of the right coronary artery as a 
potential cause of sudden death: successful 


anatomical correction 


C Nelson-Piercy, A F Rickards, M H Yacoub 


Abstract 

A man with an aberrant right coronary 
artery and haemodynamically impor- 
tant prolapse of the mitral valve was 
successfully resuscitated. The aberrant 
right coronary artery was thought to be 
a possible cause of the cardiopulmonary 
arrest in this patient. Both lesions were 
corrected at a single operation. 


Some believe that the risk of sudden death is 
higher in patients in whom the right coronary 
artery arises aberrantly from the left sinus of 
Valsalva.’ Many cases of sudden death 
associated with aberrant left coronary arteries 
have been reported,** but sudden death 
secondary to an anomalous right coronary 
artery is less well recognised.** Mitral valve 
prolapse too predisposes to fatal arrhythmic 
events. ™"! 

We describe the resuscitation and operative 
treatment of a patient with an anomalous right 
coronary artery and mitral valve prolapse. 


Case report 

A 67 year old man was admitted to hospital 
after he was resuscitated from a cardio- 
respiratory arrest that occurred while he was 
asleep at home. 

A heart murmur was detected 16 years 
before. There was no history of rheumatic 
fever. In July 1988 mitral valve prolapse and 
mitral regurgitation secondary to ruptured 
chordae tendineae were diagnosed after a six 
month history of exertional dyspnoea and pal- 
pitation. In November 1988 fast atrial fibrilla- 
tion was first noted and the patient was treated 
with digitalis. Serial electrocardiograms and 
echocardiograms suggested increasing left 
ventricular and left atrial dimensions, but the 
symptoms did not worsen. 

During the night of 18 August 1989 the 
patient’s wife (an ex-nurse) was woken by the 
sound of her husband groaning. She found 
that he was cyanosed, pulseless, and unre- 
sponsive and she started external cardiac mas- 
sage and mouth to mouth resuscitation. She 
continued for 20 minutes until an ambulance 
with a defibrillator arrived. The patient was 
treated with two DC shocks and with lig- 
nocaine and atropine and he regained con- 
sciousness. Presumed ventricular fibrillation 
was converted to fast atrial fibrillation. 

When he arrived at hospital he had an 
irregular pulse of 124 beats per minute. The 
jugular venous pressure was elevated and the 


blood pressure was 100/70 mm Hg. The 
apical cardiac impuse was displaced laterally 
and there was a grade 4/6 pansystolic murmur 
at the apex, radiating into the axilla, and an 
associated thrill between the apex and lower 
left sternal edge. Auscultation of the chest 
detected bilateral basal crackles. 

The concentration of serum potassium was 
3-7 mmol/l and serum digoxin was 0-87 ng/ml. 
The electrocardiogram confirmed atrial 
fibrillation with multifocal ventricular 
extrasystoles, left ventricular hypertrophy, 
and a strain pattern. The chest x ray showed 
cardiomegaly with an enlarged left atrium and 
diversion of blood to the upper lobes. 
Echocardiography showed a dilated left ven- 
tricle (end systolic dimension 5-5 cm) with 
good contraction and a dilated left atrium (5-6 
cm). There was prolapse of the posterior 
leaflet of the mitral valve and ruptured chor- 
dae were seen flicking into the left atrium (fig 
1A). Doppler echocardiography confirmed 
considerable mitral regurgitation. Cardiac 
catheterisation showed a pulmonary artery 
wedge pressure of 16 mmHg. Pulmonary 
artery pressure was 80/30, right ventricular 
pressure 70/4, and mean right atrial pressure 
6mm Hg. The aortic pressure was 100/70 
mm Hg. Left ventricular pressure was 100 
with an end diastolic pressure of 16 mm Hg. 
Cineangiography showed a dilated and 
hyperkinetic left ventricle with grade IV 
mitral regurgitation. At coronary angiography 
the right coronary ostium could not be 
intubated but aortic root injection suggested 
that the right coronary artery originated from 
the left coronary sinus (fg 1B). The origin 
and course of the left coronary artery were 
normal. Treatment with diuretics and oral 
digoxin stabilised the patient’s condition. 


OPERATION 

At operation, performed on 5 September 1989 
with cardiopulmonary bypass, the surgeon 
found an enlarged left atrial cavity, and a 
typically floppy mitral valve with prolapse of a 
large segment of the posterior and medial 
cusps caused by rupture of three major 
chordae. Elongated chordae caused a partial 
prolapse of the anterior cusp. Inspection of 
the coronary ostia from within the aortic root 
showed that the right coronary artery origin- 
ated from the left coronary sinus. The right 
coronary orifice was situated just posterior to 
the free edge of the intercoronary commis- 
sure. The proximal part of the right coronary 
artery ran in the wall of the aorta to the 
midpoint of the right coronary sinus. There- 
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Figure! (A) 
Echocardiogram showing 
the dilated left atrium and 
poe of the posterior 
iflet of the mitral valve. 
Ruptured chordae were 
seen flicking into a dilated 
left atrium. LV, left 
ventricle; LA, left 
atrium; PLMV, posterior 
leaflet of mitral valve, 
CH, ruptured chordae 
(B) Aortogram showing 
normal origin of the left 
main coronary artery from 
the left coronary sinus. 
The nght coronary artery 
originated aberrantly from 
the left coronary stnus. 
LMCA, left main 
coronary artery, RCA, 
right coronary artery. 


Figure 2 (A) Diagram 
of the origin of the right 
coronary artery from the 
left sinus of Valsalva The 
right coronary ostrum 
originated from the left 
Sinus just posterior to the 
intercoronary commissure; 
it then ran within the wall 
of the aorta to reach the 
midpornt of the right sinus 
before following a normal 
course. The left coronary 
artery arises normally and 
supphes the left anterior 
descending and circumflex 
branches. RCA, right 
coronary artery; LMCA, 
left main coronary artery; 
C, carcumflex, LAD, left 
anterior descending; R, 
right sinus; L, left sinus; 
N, non-coronary sinus, 

RV INF, night 
ventricular infundibulum. 
(B) Anatomical 
correction of the aberrant 
right coronary artery. 


after its course was normal (fig 2A). The 
mitral valve was repaired and the aberrant 
origin of the right coronary artery was correc- 
ted by a technique similar to that used by us 
to correct an aberrant left coronary artery.” 
The intramural part of the right coronary 


artery was deroofed (by excising the inner, 


aortic wall) as far as the midpoint of the right 
coronary sinus. This resulted in prolapse of 
the intercoronary commissure. The intimal 
flap of the coronary artery was sutured to the 
intima of the aorta and the top of the inter- 
coronary commissure was reattached to the 
aortic wall. This transposed the aberrant 


Q 











coronary artery to its normal position (fig 2B). 

The postoperative course was uneventful. 
The patient remained in sinus rhythm for two 
days, but subsequently reverted to atrial 
fibrillation; there was no recurrence of the 
ventricular extrasystoles seen preoperatively. 
A postoperative echocardiogram showed a 
smaller left atrial cavity (3-8 cm). 


Discussion 

Mitral valve prolapse is associated, albeit 
rarely, with sudden death. Death is probably 
caused by arrhythmia.’ ° ? Kligfield et al also 
reported depressed myocardial function in 
patients with mitral regurgitation (with or 
without mitral valve prolapse) who died sud- 
denly.! The complexity of arrhythmia in 
mitral regurgitation seems to be independent 
of its aetiology.” Barlow and Pocock have 
suggested several mechanisms by which 
floppy leaflets and elongated chordae could 
predispose to ventricular extrasystoles.” 
These include endocardial lesions produced 
by contact between the chordae and left ven- 
tricular endocardium, and traction on the 
papillary muscles by the voluminous leaflets. 

Thus sudden death in patients with mitral 
valve prolapse with considerable mitral regur- 
gitation may be related to the haemodynamic 
and arrhythmogenic consequences of mitral 
regurgitation or to mitral valve prolapse itself. 
Mitral valvoplasty was successful in a patient 
with mitral valve prolapse and potentially 
lethal ventricular arrhythmias but without 
haemodynamically important mitral regur- 
gitation (J B Barlow, personal communica- 
tion). 

Anomalous patterns of origin of the coron- 
ary arteries were classified by Vlodaver et al.'* 
Aberrant origin of the left coronary artery 
from the right aortic sinus (type II) was 
shown to be associated with sudden death 
during exertion. Most reported cases were in 
young men often with a history suggestive of 
antecedent episodes of ischaemia, although 
cardiac arrest can be the first presentation. 


‘Patients in whom the proximal left main 
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coronary artery rums between the aorta and 
the pulmonary artery are at particular risk. 
Several mechanisms have been suggested for 
sudden death. These include compression of 
the proximal left coronary artery between the 
aorta and pulmonary artery,‘ kinking,’ and 
closure of the slit-like orifice of the aberrant 
left coronary artery by a flap.” We believe that 
during exercise or whenever expansion of the 
aorta is increased the angle of the left coronary 
ostium alters, severely stretching the 
intramural segment and producing luminal 
narrowing. Furthermore, during diastole 
when the aortic valve is closed the inter- 
coronary commissure can compress the prox- 
imal intramural aberrant artery." ” 

Aberrant origin of the right coronary artery 
from the left sinus of Valsalva of the aorta (type 
I) was not thought to be a dangerous anomaly— 
with no reports suggesting an increased risk of 
sudden death. In 1982, however, a necropsy 
review of 10 patients with this anomaly showed 
that three had died suddenly.® In 1985 Waller 
reported the death during exertion of a 17 year 
old boy with origin of the right coronary artery 
from the left sinus of Valsalva.’ Two further 
cases were reported by Liberthson in 1983’ and 
1989.° The latter patient survived an episode of 
ventricular fibrillation and subsequently 
underwent successful bypass grafting with an 
internal mammary artery. Surgical correction 
and coronary bypass grafting have been des- 
cribed as methods of preventing sudden death 
in patients with aberrant left coronary 
arteries.!? 3516 We suggest that compression of 
the intramural part of the coronary artery is the 
major cause of sudden ischaemia when the 
origin of either the left or the right coronary 
artery is abnormal. 


Nelson-Piercy, Rickards, Yacoub 
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Cardiac catheterisation with 5 French catheters 


J J O’ Sullivan, K McDonald, P A Crean, M J Walsh, C McCarthy, R J Erwin, B J Maurer 


Abstract 
From the beginning of November 1987 to 
the end of January 1989, 526 coronary 
arteriograms and left ventricular 
angiograms were performed with 5 
French coronary catheters. In 448 (85%) 
patients diagnostic pictures were ob- 
tained with three standard types of 5 
French catheters (No 4 Judkins): that is, 
left coronary, right coronary, and pigtail 
catheters. In 60 patients (11:'4%) various 
other 5 French catheters were required 
to complete the study. In nine patients 
(1'7%), a7 or 8 French catheter was used. 
Major complications causing cardiac 
arrest or requiring urgent operation 
developed in five patients. Sixty two 
patients (11:77%) had minor complica- 
tions that required sublingual nitrates or 
a single bolus of atropine, or developed a 
haematoma that did not need interven- 
tion or had a mild reaction to the con- 
trast material. Complications of 
moderate severity developed in 17 
patients (3°2%): severe chest pain, ar- 
rhythmia requiring a temporary pace- 
maker, contrast reaction associated with 
hypotension, haematoma requiring 
blood transfusion, or a transient 
ischaemic episode. There were no deaths. 
5 French catheters were used for 
routine coronary angiography and left 
ventriculography in 98:3% of patients. 
There were no major complications 
related to femoral artery puncture. The 
routine use of 5 French coronary cath- 
eters should increase the feasibility of 
safe coronary angiography in out- 
patients and should reduce the cost of 
this investigation. 


Diagnostic coronary arteriography is recog- 
nised as being a safe procedure in experienced 
hands, with a complication rate of approxi- 
mately 1%.'? Coronary catheters are generally 
available in either 7 or 8 French sizes. Im- 
provement in catheter design now allows 
rapid contrast delivery through 5 French 
catheters. The chief advantage of using these 
smaller catheters is that they cause less injury 
at the site of vascular access. Some operators, 
however, believe that adequate diagnostic in- 
formation will not be obtained with 5 French 
catheters. We report on a large series of diag- 
nostic coronary arteriograms obtained with 5 
French catheters in which we found out how 
often coronary arteriography could be satis- 


factorily completed with 5 French catheters 
alone. 


Patients and methods 

METHODS 

We examined the records of cardiac catheter- 
isation in all patients who underwent coronary 
arteriography from November 1987 to the end 
of January 1989. We noted all the coronary 
catheters used to complete the examination, 
all drugs given during the examination, and 
any complication that developed in the catb- 
eterisation laboratory or in the observation 
ward where the patients are routinely kept for 
six hours. During the study period we attemp- 
ted all examinations with 5 French catheters 
and used other catheters only if the coronary 
arteries could not be selectively cannulated or 
if an adequate image could not be obtained. 

A 5 French sheath was inserted into the 
femoral artery under local anaesthesia and the 
coronary catheters introduced over a guide 
wire. We used three standard 5 French cath- 
eters: a left coronary catheter (Judkins 4), a 
right coronary catheter (Judkins 4), and pig- 
tail catheters. The contrast material was 
Ultravist 370. For left ventricular angio- 
graphy we injected 30-35 ml of contrast 
material at 10-15 ml/s. We used biplane 
angiographic equipment (General Electric 
CGR) with conventional radiography in all 
cases. Heparin was not routinely given. All 
angiograms were performed by consultant 
cardiologists. 


Results 
Five hundred and twenty six patients under- 
went diagnostic coronary arteriography over 
this 15 month period. Thirty one patients had 
right and left heart studies. Four patients with 
suspected severe aortic stenosis were studied 
by the Sones technique and are not included 
in this report. All other patients had known or 
suspected coronary artery disease. Thirty five 
per cent of patients were studied as out- 
patients. The mean age of the study group was 
55-4 years and 644% were men. In five 
(0-9%) cases the left femoral artery was ‘used 
because the guide wire could not be advanced 
from the right side. The right coronary artery 
was not selectively entered in two patients. 
Left ventricular angiography was not perfor- 
med in 17 patients. A satisfactory left ven- 
tricular end diastolic pressure recording was 
obtained in over 95% of patients. Seven of the 
patients studied had coronary artery bypass 
grafts. ž 
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Table 1 Additional coronary catheters used m 78 
patients 








Discussion 
The complication rate of coronary arterio- 
graphy performed as a diagnostic procedure is 
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In 448 patients (85%) the study was com- 


pleted with the three standard 5 French cath- - 


eters. In a further 60 patients (11-4%) the 
study was completed with a single additional 5 
French catheter. Eighteen patients (3-4%) 
required more than four different coronary 
catheters to complete the study and in five of 
these a bypass graft was being studied. In only 
nine (1:7%) patients were 7 or 8 French 
catheters required. Coronary artery imaging 
was satisfactory in 517 (98:2%) patients with a 
combination of different 5 French catheters. 
Table 1 outlines the different catheters used 
in the 78 (14-8%) patients in whom more than 
the three standard catheters were used. _ 

Table 2 outlines the complications noted 
during the procedure and up to six hours 
later. Sixty two patients (11-77%) had minor 
complications. There were moderately severe 
complications in 17 patients (3-2%); patients 
who had a pacemaker inserted for the duration 
of the procedure were included in this group. 
No patient required pacing after the pro- 
cedure was completed. There were major 
complications in five (0-95%) patients (two 
patients who required urgent cardioversion 
went on to immediate coronary artery bypass 
grafting). There were no deaths in our series. 
Overall, 22 patients (4-1%) suffered moderate 
or severe complications. The screening time 
was recorded in a group of 50 consecutive 
cases and the mean screening time was 3-01 
minutes (range 2-25 to 8-0). 


catheterisation with 7 or 8 French coronary 
catheters.” They found a haematoma in 12% 
of the outpatients compared with 8-5% of the 
inpatients, a difference that did not achieve 
statistical significance. In a more recent 
retrospective review of outpatient cardiac 
catheterisation with 7 or 8 French catheters 
local vascular complications were seen in 
1-1% of patients up to six hours after the 
procedure. Cardiac catheterisation with the 
smaller 5 French catheters should cause less 
damage of the femoral artery; but there is 
some concern about the technical aspects of 
their use’? and the quality of the radiographic 
images obtained. 

In our experience 5 French catheters are 
satisfactory in terms of technical manipulation 
and quality of the radiographic images. In 
over 500 patients we had to change to 7 or 8 
French catheters in only 1:7% of patients. In 
nearly all of them (98-3%) coronary arterio- 
graphy and left ventriculography could be 
completed with a combination of 5 French 
catheters. We found that in patients with 
moderately stenosed aortic valves we often 
needed to cross the valve with a guide wire 
initially. We did not encounter any particular 
problems with selective cannulation of the 
right coronary artery as some have reported.’ 
We did, however, occasionally need to change 
to a multipurpose or internal mammary cath- 
eter to cannulate the right coronary artery. 
Our overall complication rate was low with no 
deaths and less than 1% of patients develop- 
ing severe complications. 

We found that the frequency of haematoma 
was low in the first six hours after the 


Table 2 Complications (number of patients; (% of total) ) occurring during and immediately (<6 h) after cardiac 


cathetertsations 
Complications Mild Moderats Severe 
Ischaemic Chest pain or ST segment Chest pain requirmg a Myocardial mnfarction or urgent 
elevation which resolved nitrate infusion or CABG/PTCA (4 (#7%)) 
with sublingual nitrates, intravenous morphine 
calcium antagonists (5 (0 9%) 
(40 (7 6%)) 
Arrhythmic Single bolus of atropme Antiarrhythmic agent Cardroversion and cardiac arrest 
(0 6 mg) (18 (3 4%)) given or temporary (3 (0 57%)) 
l pacemaker (6 (1 1%)) 
Vascular Haematorme not requiring Transfusion required Surgical repair (0 (0%)) 
transfusion (3 (0 57%)) (2 (0 38%)) 
Allergic Rash (1 (0 2%) Hypotension (1 (0-2%)) Anaphylaxis (0 (0%) 
Embolic Transient 1 c event Systemic embolus (0 (0%)) 
(3 (0 57%)) 


CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty. 
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procedure. We do not have a control group for 
comparison but the frequency of haematoma 
was low compared with that reported in other 
outpatient and inpatient studies.'*? In Block 
et al’s study bleeding or haematoma formation 
in the groin were the main reasons that 
patients scheduled for outpatient cardiac cath- 
eterisation were admitted to hospital.’ 

We report our experience when we used 
primarily 5 French coronary catheters in a 
large number of patients. Our results suggest 
that such catheters can be routinely used for 
diagnostic cardiac catheterisation. By using 
these catheters we are now examining over 
30% of our patients as day-care cases. The 
routine use of these smaller catheters should 
result in fewer local vascular complications 
and this is a great advantage for outpatient 
cardiac catheterisation. 
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Discrepancies in the measurement of isovolumic 
relaxation time: a study comparing M mode and 
Doppler echocardiography 


CH Lee, F Vancheri, M S Josen, D G Gibson 


Abstract 

Mitral valve cusp separation on M mode 
echogram, the mitral valve opening 
artefact, and the onset of forward trans- 
mitral flow recorded by Doppler echo- 
cardiography have all been taken to 
mark the end of isovolumic relaxation, 
while its onset has been taken either as 
the aortic closure sound (A,) recorded 
phonocardiographically or the aortic 
closure artefact determined by Doppler 
technique. Possible differences in the 
measurement of the isovolumic relaxa- 
tion time were studied when these land- 
marks were used in 44 healthy people, 14 
patients with mitral stenosis, 21 patients 
with left. ventricular hypertrophy, and 24 
patients with dilated cardiomyopathy by 
recording M mode echograms of the 
mitral valve, and pulsed and continuous 
wave Doppler spectra of transmitral 
flow, with simultaneous electrocardio- 
grams and phonocardiograms. A, was 
effectively synchronous with the aortic 
artefact. However, when the onset of 
Doppler flow was regarded as the end of 
isovolumic relaxation, the interval was 
significantly longer than when mitral 
cusp separation on M mode echograms 
was used: by 25 (10) ms in healthy in- 
dividuals, by 25 (15) ms in patients with 
left ventricular hypertrophy, and by 50 
(35) ms in patients with dilated cardio- 
myopathy. In patients with mitral 
stenosis the interval was only 5 (5) ms 
longer. The mitral valve opening arte- 
fact consistently followed the onset of 
flow and corresponded much more 
closely to the E point on the M mode 
echogram. This shows that it occurred 
during the rapid filling period and well 
beyond isovolumic relaxation by any 
definition. 

Thus isovolumic relaxation time 
measured from A, to the onset of trans- 
mitral flow or the mitral valve opening 
artefact differs from that derived from 
A, to mitral valve cusp separation. These 
intervals cannot be used interchange- 
ably to measure “isovolumic relaxation 
time”. 


Isovolumic relaxation is an important phase of 


the cardiac cycle. Its length has been used to 
assess left ventricular diastolic function,! to 
distinguish myocardial restriction from con- 
striction,’ and to assess the cardiac effects of 
pharmacological interventions.’ In his classic 
text Wiggers wrote of this interval (initially 
termed isometric relaxation): “Following the 
closure of the semilunar valves, and until the 
A-V valves have opened, the ventricle relaxes 
without any flow of blood either from or into 
its cavity. This phase may be designated as 
the isometric relaxation phase”.* Isovolumic 
relaxation time has been measured on simul- 
taneous M mode and phonocardiogram re- 
cordings as the interval from aortic valve 
closure (A,) to the point of mitral cusp separa- 
tion. More recently, the determination of 
isovolumic relaxation time has formed part of 
the Doppler evaluation of left ventricular 
diastolic function where it has been taken 
variously as the interval from A, to the onset 
of transmitral flow, A, to the mitral valve 
opening artefact on pulsed wave Doppler re- 
cordings, or the aortic valve closure artefact to 
the onset of transmitral flow recorded by con- 
tinuous wave Doppler.’ It has been implicitly 
assumed that all these measurements are 
equivalent. Mitral cusp separation is a com- 
plex phenomenon, however, and is influenced 
by many factors apart from transmitral flow, 
so these different measurements need not 
necessarily be identical. We therefore ex- 
plored this possibility, aiming not only to 
resolve possible confusion but also to use 
these interrelations to shed light on early 
diastolic events in normal and abnormal 
hearts. 


Patients and methods 

STUDY POPULATION 

We studied 44 healthy individuals (27 men, 17 
women; aged 18—60), 14 patients with mitral 
stenosis (three men, 11 women; aged 16-75), 
21 patients with left ventricular hypertrophy 
(11 aortic valve disease, five hypertrophic car- 
diomyopathy, five hypertensive; 11 men, 10 
women; aged 23-75), and 24 patients with 
dilated cardiomyopathy (16 male, 8 female; 
aged 12-77, 22 of whom had functional mitral 
regurgitation). All the patients were in sinus 
rhythm except for 11 patients with mitral 
stenosis. There were no significant differences 
in age among the groups studied. 
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Figure 1 M mode 
echogram and 
phonocardtogram from a 
patient with dilated 
cardiomyopathy. 
Isovolumic relaxation 
time, measured as the 
interval from A, to mitral 
valve opening, is sero. The 
second heart sound 1s 
reversed tn this patient 
because of left bundle 
branch block. 
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M MODE ECHOCARDIOGRAPHY 

We recorded M mode echocardiograms of the 
mitral valve with a 3-0 MHz transducer and 
ATL Imager Mk300I1 equipment in the para- 
sternal long axis view with the patients lying 
in the left lateral position. The minimum gain 
setting was used to show both the anterior and 
posterior mitral cusps. We regarded the point 
of cusp separation as the time of mitral valve 
opening; cusp separation was clearly defined 
on all records (fig 1). We did not use D or D’ 
points because they were poorly defined and 
thus unreproducible. The E point of the 
mitral echogram was taken as the point of 
maximum anterior cusp motion in early dia- 
stole. Phonocardiograms and electrocardio- 
grams were recorded simultaneously with 
a Honeywell recorder at a paper speed of 
10 cm/s. 


DOPPLER ECHOCARDIOGRAPHY 

Doppler recordings were made with Doptek 
equipment and a 2:25 MHz transducer. For- 
ward transmitral flow was recorded in all 


patients. Peak mitral flow velocity was initially 
identified by continuous wave Doppler and 
then recorded with the pulsed mode and a 3 
mim gate. A wall filter of 250 Hz was used in 
all cases. During the recordings we used the 
minimum gain setting that gave a complete 
envelope. The onset of transmitral flow was 
taken as the time at which the signal rose 
above the wall filter and ware routinely distin- 
guished from the valve artefact, which was 
recorded separately. Functional mitral regur- 
gitation was carefully sought in all patients by 
continuous wave Doppler echocardiography. 
Simultaneous phonocardiograms and elec- 
trocardiograms were again recorded at a paper 
speed of 10 cm/s. We used continuous wave 
Doppler echocardiography directed towards 
the left ventricular outflow tract to obtain 
recordings showing both the aortic valve 
closure artefact and the transmitral flow. 


MEASUREMENTS 

Aortic valve closure (A,) was taken as the 
onset of the first high frequency component of 
the second sound recorded on the phonocar- 
diogram, which was routinely checked against 
the closure point on the aortic echogram. The 
following measurements were made on the M 
mode recordings (fig 1): (a) The interval from 
A, to mitral cusp separation; (b) the interval 
from A, to the E point; (c) the interval from 
minimum left ventricular dimension to mitral 
cusp separation—when this was >30 ms it 
was regarded as indicating incoordinate relax- 
ation. We measured the following intervals 
on the pulsed wave Doppler recordings (figs 
2A and B): (a) from A, to the onset of trans- 
mitral flow; (b) from A, to the leading edge of 
mitral valve opening artefact; and (c) from A, 
to the peak transmitral flow velocity. The 
interval from the leading edge of the aortic 
valve closure artefact to the onset of trans- 
mitral flow was measured on thé continuous 
wave Doppler recordings (fig 3). We took the 
mean of measurements made on three cardiac 
cycles. 
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transmitral flow (OF). F 


ler echocardiogram from the same patient as figure 1 showing an interval 
scale deflection = 4 kHz. (B) Pulsed Doppler echocar 


flow. Full scale deflection = 8 kHz 
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The interval between A, and mitral cusp 

separation was consistently less than that be- 

tween A, and the onset of flow. The interval 

g from cusp separation to the earliest detectable 
mitral flow was consistently greater than zero 
(25 (10) ms) (p < 0:0001). The mitral valve 
artefact consistently followed (by 25 (10) ms) 

_the onset of flow (p < 0-0001). The leading 
edge of the aortic closure artefact was syn- 
chronous with the onset of the first high 
frequency deflection of the second sound 
recorded on the phonocardiogram and the 
interval between this artefact and the onset of 
flow on continuous wave Doppler was iden- 
tical to that determined by pulsed mode. 
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Left ventricular hypertrophy 

The mean values for the M mode and Doppler 
measurements were similar to those of healthy 
individuals. The scatter about the mean, 
however, was much greater. In 11 patients with 
coordinate relaxation (minimum left ven- 
tricular dimension to mitral valve opening < 30 


Figure 3 Continuous wave Doppler echocardiogram from a patient with mitral stenosis 
and atrial fibrillation showing both the aortic valve closure artefact ( AA) and the onset 
of transmitral flow. The leading edge of the aortic closure artefact is synchronous with 
the onset of the first high frequency deflection of the second sound (A,). Full scale 
deflection = 4 kHz. 


Measurement reliability was tested by ran- 


dom selection of 10 sets of records and the 
measurements were repeated without prior 
knowledge of previous results. The measure- 
ments were highly reproducible, with mean 
(SD) interobserver variation of 5 (5) ms. 


STATISTICAL ANALYSIS 

We calculated the mean (SD) values for the 
measurements of isovolumic relaxation time 
and expressed them to the nearest 5 ms. 
Differences between the isovolumic relaxation 
time were analysed by the paired ¢ test. The 
95% confidence intervals were also calculated 
for the differences between their mean values. 
Possible correlations between the delay in the 
onset of flow in relation to mitral cusp separa- 
tion and age, RR interval, and the interval 
from A, to mitral cusp separation were 
examined by Pearson’s coefficient of correla- 
tion. 


ms) the difference between the onset of trans- 
mitral flow and mitral cusp separation was 
15 (10) ms, while in 10 patients with incoordi- 
nate relaxation (minimum cavity dimension to 
mitral valve opening interval >30 ms) the 
difference was larger (40 (11) ms). 


DILATED CARDIOMYOPATHY 

This group of patients had the shortest interval 
between A, and mitral cusp separation. The 
interval between A, and the onset of flow, 
though shorter than that in healthy individuals, 
was much longer than the interval between A, 
and mitral cusp separation. There was a delay 
of 50 (35) ms between mitral cusp separation 
and the onset of transmitral flow. 


MITRAL STENOSIS 

The M mode and Doppler measurements of 
isovolumic relaxation time were all shorter than 
those of healthy individuals. There was no 


Table 1 Measurements (mean (SD) ) of isovolumme relaxation time 





A, to mitral cusp A, to onset of A, to mitral valve Aortic valve artefact to 

Group separation (ms) flom (ms) artefact (ms) onsat of flow (ms) 
Healthy individuals 60 (15) 85 (15) 115 (25) 85 (25) 
Left ventricular hypertrophy 65 (25) 90 (30) 110 (25) 90 (1 
Dilated cardiomyopethy 15 (30) 65 (40 90 (25) 65 
Mitral stenons 50 (25) 55 (30) 80 (30) 55 (20 
Table 2 Differences between measurements 

A, to onset of flow and A, to mitral valve artefact and 

A; to nutral cusp separation A, to onset of flow 

Difference 95%, confidence Difference 95%, confidence 
Group (ms) p value interval (ms) (ms) p value interval {ms ) 
Healthy individuals 25 (10) <0 0001 19-33 25 (10) <0 0001 15—40 
Left ventricular hypertrophy 25 (15) <0 005 8—40 20 (20) <00 5—40 
Dilated cardiomyopathy 50 (35) <00001 32-72 15 (10) <0 05 10—35 
Mitral stenosis 5 (5) >0 05 — 14-27 15 (5) <0 05 — 14-53 


P values show significance of differences between measured intervals and zero. 
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Table 3 Coefficients of correlation 
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Flow delay v Flow delay v 
Group A, to mitral cusp separation Flow delay v age RR interval 
Healthy individuals ~~ (221 0-132 —0091 
Left ventricular hypertrophy 0016 0 453% 0 453% 
Dilated cardiomyopathy -0 271 0-227 —0 028 
Mitral stenosis 0 020 —0 539* —0 007 





Flow delay = interval from A, to onset of flow minus interval from A, to mitral cusp separation. 


*p < 0-05. 


significant delay in the onset of transmitral flow 
after mitral cusp separation (5 (5) ms). The 
mitral valve artefact also followed the onset of 
flow in these patients but the difference was not 
significant. 


CORRELATIONS (TABLE 3) 

The delay in the onset of transmitral flow after 
mitral cusp separation showed no significant 
correlation with the interval between A, and 
mitral cusp separation. A weak correlation was 
seen between the delay in flow and age in 
patients with left ventricular hypertrophy or 
mitral stenosis, and between the delay. in flow 
and RR interval in patients with left ventricular 
hypertrophy. 


RELATION BETWEEN MITRAL VALVE ARTEFACT, 
MITRAL E POINT, AND DOPPLER PEAK FLOW 
(TABLE 4) 

The mitral valve artefact did not correspond 
with the mitral cusp separation, which occur- 
red before the onset of flow. Instead, the mitral 
valve artefact coincided closely with the E point 
of the mitral echogram, both in healthy indi- 
viduals and in the patients. The peak trans- 
mitral flow velocity detected on Doppler oc- 
curred about 60 ms after the valve was fully 
opened, while the mitral valve was actually 
closing. 


Discussion 

When he originally defined isometric relaxa- 
tion time, Wiggers regarded mitral valve open- 
ing and the onset of transmitral flow as synon- 
ymous. This assumption was not affected when 
the name was later changed to isovolumic 
relaxation time. More recently, many others, 
including us,° have also assumed that the time 
from A, to mitral valve opening measures the 
isovolumic relaxation time unambigously. But 
this is not so. Several experimental studies 
showed significant discrepancies between 
mitral valve motion and transmitral flow. 
Tsakiris et al marked the anterior mitral valve 
leaflet of dogs with radio-opaque clips and 
correlated motion of the marker with simul- 
taneous high fidelity intracardiac pressure 
monitoring.’ They showed that the point of 


mitral cusp separation preceded the diastolic 
pressure crossover (when ventricular pressure 
fell below atrial pressure) and thus the onset of 
flow by 5-60 ms.’ Pohost et al also saw this 
delay.® In dogs with radio-opaque markers on 
the mitral valve to show leaflet motion, contrast 
medium injected into the left atrium flowed 
beyond the free edges of the mitral valve 43 (3) 
ms after the initial separation of anterior and 
posterior leaflets and it did not begin to mix 
with left ventricular blood until the valve was 
almost fully open. Estimates of isovolumic 
relaxation in man made angiographically, when 
“mitral valve opening” was marked by the first 
appearance within the ventricular cavity of 
unopacified blood from the left atrium, again 
gave normal values that were consistently 
longer than those measured in the same 
laboratory by M mode echocardiography.’ A 
previous study in healthy individuals by a 
technique similar to ours showed some delay in 
Doppler flow after mitral valve opening, 
although the difference was much smaller (5 
ms). Although the mechanisms underlying 
mitral cusp separation are not clear," mitral 
valve opening must thus be regarded as poten- 
tially separate from the onset of transmitral 


flow. 


Until recently, isovolumic relaxation time 
was measured by M mode echocardiography. 
Now it is increasingly determined by Doppler 
echocardiography. The details of the technique 
were often not specified but seem to have used 
either the onset of forward transmitral flow 
or the mitral valve opening artefact’? as the 
landmark for mitral valve opening. These 
measurements have all been called the 
isovolumic relaxation time, which implies that 
they are all equivalent. Our results, however, 
show that both in healthy individuals and irn- 
patients with heart disease, mitral cusp separa- 
tion consistently precedes the onset of flow, 
which itself precedes the appearance of the 
mitral valve opening artefact. Indeed the mitral 
valve artefact coincides closely with the E point 
of the mitral echogram and thus the fully open 
position of the valve. While the intervals bet- 
ween A, and mitral cusp separation and A, and 
onset of flow, though consistently different, do 
fall within Wiggers’s original definition of 


Table 4 Relation between valve artefact, mitral E pomt, and Doppler peak flow 


Group A, to matral E point {ms} 
Healthy individuals 30 on 

Left ventricular hypertrophy 120 (30 

Dilated cardiomyopathy 90 os 

Mitral stenosis 90 ( 


A, to mitral artefact { ms) A; to Doppler peak fow (ms) 
115 (25) 180 
110 (25) 170 G5) 

90 9) 140 (45) 

80 (30) Not available 
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isovolumic relaxation, the interval between A, 
and the mitral valve artefact does not, because it 
includes a significant portion of the rapid filling 
period. 

Spectral analysis of Doppler signals intro- 
duces potential errors in the timing of flow. 
Analysis of very low frequency shifts takes a 
finite interval that may introduce error. We 
therefore used a lower filter of 250 Hz through- 
out our study and took the onset of flow as the 
first recordable signal above this level. Extra- 
polation of the spectral display to the zero flow 
baseline, which assumed constant acceleration, 
suggested that any delay introduced by this 
method cannot be more than 5 ms. The lack of 
significant delay in signal analysis is also sup- 
ported by the observation that in patients with 
mitral stenosis, the onset of flow was effectively 
synchronous with mitral valve opening. The 
onset of transmitral flow recorded by the 
pulsed mode also coincided with that deter- 
mined by continuous wave Doppler echocar- 
diography, indicating that the timing of the 
onset of flow was not affected by the position of 
the sample volume. We conclude therefore that 
technical factors cannot explain our observa- 
tions; mitral cusp separation, the onset of 
transmitral flow, and mitral valve artefact 


~ follow one another in an ordered sequence and 


cannot be regarded as synchronous. 

In the group with left ventricular hypertro- 
phy the mean values of isovolumic relaxation 
time and the delay in flow were the same as in 
the healthy individuals, although the scatter 
was greater. When relaxation was incoordinate, 
however, there was a much longer delay in the 
onset of flow after mitral cusp separation. The 
delay in the onset of flow may thus be an 
indicator of this aspect of diastolic dysfunction. 
The patients with dilated cardiomyopathy 
would be expected to have high left atrial 
pressure, and thus a short isovolumic relaxa- 
tion time.” This was indeed the case; these 
patients had short intervals between A, and 
mitral cusp separation and between A, and 
onset of flow. There was, however, a large 
difference between the two measurements, 
probably because 22 of the 24 patients had 
functional mitral regurgitation. This persisted 
for more than 50 ms beyond A,. Because 
forward flow cannot occur during regurgita- 
tion, the onset of transmitral forward flow is 
considerably delayed.“ 

As well as simply dealing with the methods of 
measuring isovolumic relaxation time, our 
results may be of more fundamental patho- 
physiological importance. We have previously 
suggested that restricted left ventricular filling 
time may be an important cause of diastolic 
dysfunction and its increase with the fall in 
heart rate may account for the therapeutic 
effect of $ blockade in some patients with severe 
left ventricular disease and functional mitral 
regurgitation.'* It now seems that the onset of 
transmitral flow may be delayed after mitral 
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valve opening not only in patients with func- 
tional mitral regurgitation but also in those 
without, especially when relaxation is incoor- 
dinate. This delay may well restrict left ven- 
tricular filling time when heart rate is increased 
with exercise, causing stroke volume to be 
limited by a purely diastolic mechanism that is 
independent of any systolic disease that may be 
present. 

The term “isovolumic relaxation time”, even 
in terms of the original definition of Wiggers, is 
ambiguous. Details of measurement must be 
given in full, since not only do the various 
methods give results that are numerically 
different, but they are quite distinct in their 
pathophysiological significance. The delay in 
the onset of flow after mitral cusp separation, 
although predictable in healthy individuals, 
may vary widely in disease and may come to 
occupy a considerable proportion of the poten- 
tial filling time. It may thus be a potentially 
major cause of diastolic dysfunction when the 
heart rate is rapid. The M mode and Doppler 
derived measurements should thus be regarded 
as complementary and be studied together, 
rather than separately, to increase our under- 
standing of these complex early diastolic 
events. 
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Can rationing of cardiological services be rational? 


Douglas Chamberlain, Richard Alderslade 


In the United Kingdom there is a pervading 
perception that provision of health resources 
has not kept up with the availability of effec- 
tive clinical procedures. By international stan- 
dards expenditure on health services expres- 
sed as a percentage of gross domestic product 
remains low.’ To clinicians the system feels 
increasingly tight financially because resour- 
ces are not available to meet expressed clinical 
demand. This is particularly true of car- 
diology and cardiac surgery where the 
National Health Service (NHS) can no longer 
afford many effective treatments for all who 
might benefit from them. This harsh fact is 
often a source of disappointment and frustra- 
tion. It can also cause conflict between profes- 
sional groups who struggle to maintain their 
own service needs against competing interests. 
Is the problem inevitable? If it is, can we 
distribute resources in a manner that is seen to 
be equitable and fair? 


Background 

The reasons for the shortfall in provision are 
manifold, but innovation is the most impor- 
tant—and of special concern in cardiology 
because the pace of progress has been spec- 
tacular. Some cardiologists still active in the 
discipline were practising when digitalis, 
quinidine, nitrates, mercurial diuretics, and 
hexamethonium were the only specific 
remedies available for heart disease. Surgical 
options comprised closure of a patent ductus, 
Blalock anastomoses, and relief of mitral sten- 
osis by digital splitting of fused cusps. Now 
the available drugs include increasingly 
specific modulators of myocardial, vascular, 
and autonomic function, angiotensin convert- 
ing enzyme inhibitors, antilipidaemic agents, 
antiarrhythmics, and thrombolytics; all are 
highly effective but many are very expensive. 
Interventional cardiology has seen the growth 
of angioplasty over a decade as well as the 
slower development of balloon dilatation of 
valves. Implantable devices have become ever 
more complex with dual chamber pacing now. 
commonplace, antitachycardia pacemakers 
gaining acceptance, and implantable 
defibrillators poised to play a role in the 
United Kingdom as they do already in the 
United States. Cardiothoracic surgeons have 


been busy for 20 years with coronary grafting 
but now many are turning to complex antiarr- 


hythmic surgery and transplantation. Many of — 


these developments demonstrably improve 
prognosis; all are impressive in terms of sym- 
ptomatic relief. But every new advance 
increases the dilemma of cardiologists and 


cardiothoracic surgeons who work to a budget 
that is set by political and administrative con- 
siderations rather than by expressed clinical 
needs. 

Other factors have compounded the econ- 
omic penalties of innovation. First, important 
demographic changes are occurring in Britain. 
The fall of birth rate over the past 25 years 
together with the growth in the proportion of 
the elderly has reduced appreciably the per- 
centage of the population who contribute 
directly to national wealth. The budget for the 
care of the elderly has grown; new and expen- 
sive procedures are increasingly in demand. 
As age increases beyond 75 years the average 
medical costs of caring for the elderly increase 
significantly; the proportion of the population 
within this bracket has increased by 28-4% in 
the past 10 years.?* These trends will con- 
tinue. A second factor adding to the cost of 
innovation is the increased expectation of a 
public with a keen appetite for media coverage 
of medical developments. General practition- 
ers contribute as well, both because of 
increasing knowledge of recent progress and 
because one impressive medical or surgical 
result tends often to trigger several similar 
referrals. Finally, medical inflation has out- 
stripped general inflation, partly because the 
health service is labour intensive and salaries 
have risen in real terms. 

The shortfall in cardiological services 
within the United Kingdom is greater than 
many perceive. Provision remains grossly 
uneven and where little is provided expecta- 
tion remains low. This is no justification for 
continuing inactivity. We believe that it is 
inappropriate that in 1988 45 of 210 health 
districts in England and Wales did not have a 
trained cardiologist* or that over 2 million 
people identified in an earlier survey had no 
immediate access to temporary pacing for 
countering a life threatening emergency.” 

The argument that Western Europe as a 
whole has more than seven times as many 
cardiologists proportionally than the United 
Kingdom and that the United States has 10 
times more may not be a strong one.‘ But it 
may be relevant to ask whether financial con- 
straints were, historically, the only reason for 
this disparity? Perhaps they were not. In the 
United Kingdom we have currently a system 
that is neither directly responsive to market 
forces nor subject to strict central control. 
Priorities are determined at a local level by a 
process that is administrative and locally 
“political”, often without a full appreciation 
of the weight of competing needs. 

Even such provision as is available may not 


be used efficiently. In strictly economic terms 
it makes little sense to equip a catheter 
laboratory at a cost of over £500 000, yet see 
it inadequately staffed by radiographers, tech- 
nicians, and nurses so that plant lies idle for 
many daytime hours: a situation familiar 
enough in many cardiac centres. Within dis- 
trict general hospitals the implications of such 
poor support are less dramatic but equally 
disruptive of the service. Almost always levels 
of technical staff are below reasonable recom- 
mendations; occasionally these staff are not 
provided at all. Simple but essential equip- 
ment such as treadmills often remains idle 
because physiological measurement tech- 
nicans are scarce. So too is secretarial help. 

Such critical limitation of resources has 
another serious implication: the expensive 
resource of cardiological skill may be 
inhibited or misdirected to inappropriate 
tasks. Undue priority may be given to some 
tasks at the expense of others that may be as 
essential but less urgent. Within catheter 
laboratories emergency procedures are dis- 
placing urgent cases from the waiting list; the 
pressure is compounded by the need to 
introduce angioplasty without extra resources 
being available. In the district general hospital 
crisis management displaces any resolve to 
introduce service improvements; for example, 
very few hospitals have rehabilitation 
programmes or adequate resuscitation train- 
ing although the need for such facilities is not 
contentious and the cost modest. 

At the academic level within cardiac centres 
and academic departments a major priority 
has become the preservation of research 
capability: thus studies that are economically 
safe—notably those financed by phar- 
maceutical companies—can take precedence 
over the pursuit of more fundamental 
research. Risk is an invariable component of 
true innovative research work, but risk is a 
luxury that few research directors can now 
afford. 


Solutions 

Is more money likely to be forthcoming? How 
satisfied are we that the money we currently 
have available is always being used wisely? 
How rational is its distribution? How will 
future changes (for example the implementa- 
tion of the white paper Working for Patients*) 
affect this situation of perceived scarcity? How 
should cardiologists respond now and in the 
future to their current difficulties? 

Before attempting to answer these ques- 
tions, two processes need to be understood: 
allocation and rationing. Their edges are often 
blurred. But it is important to consider them 
separately, with allocation as the key issue. 
Allocation within a publicly funded system 
such as the NHS is a political and adminis- 
trative process. The government decides how 
much it will commit to the NHS against other 
competing demands and the Department of 
Health, the regional health authorities, and 
district health authorities allocate resources in 
an attempt to provide a volume of resource 
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across their entire range of statutory respon- 
sibilities. 

This process of allocation is often confused 
with rationing. Rationing accepts a given 
allocated volume of resource and attempts to 
achieve a defined objective: the maximum 
beneficial health effect within a given scale of 
provision. Within the NHS rationing has 
always been a clinically based activity. 
Decisions on priority for admission and treat- 
ment are made by clinicians according to 
clinically determined criteria. This respon- 
sibility is the other side of the coin of clinical 
freedom. The stringency of rationing depends 
on the adequacy of allocated resources and 
fairly modest increases in allocation, par- 
ticularly if sustained, might remove many of 
clinicians’ current problems. 

How rational can we make allocation? The 
truth is that since the 1950s health has been 
relatively well treated compared with other 
major publicly funded sectors,’ and it is 
probably unreasonable to expect that public 
funding of the NHS will increase in real terms 
by more than 1-2% a year, despite a widely 
shared perception of need. Total expenditure 
on health could be increased by a greater 
reliance on the private sector and charitable 
and voluntary resources. There is also the 
drive within NHS management towards 
greater efficiency and productivity in the use 
of available resources. 

The decisions taken by regional and district 
health authorities on the allocation of funding 
to cardiological and cardiac surgical services 
are influenced by three mechanisms. 


POLITICO-VOCAL MECHANISM 

The politico-vocal mechanism—‘‘who shouts 
loudest gets most”—has a long and distin- 
guished tradition. It encompassess the use of 
“political” pressure groups, including public 
sympathy and emotion. In a service where the 
objectives are set by political considerations 
and considerations of personal value, there may 
be no alternative to being guided by the process 
described as “disjointed incrementalism’’.’ 


RATIONAL-DISTRIBUTIVE MECHANISM 
This originates with the perception that neither 
the providers nor the consumers of health care 
are competent to assess national need. The 
conventional response is to require epidemio- 
logists and health system managers to identify 
these total population needs and establish 
programmes of service activity designed to 
secure health improvements. Some planners 
and managers believe that the introduction of 
any new technology should be supported by 
evidence from randomised controlled trials, 
but they may not always understand the limita- 
tions of such trials. Trials offer the best 
guidance we have for the efficacy of treatment 
but there is often room for a different inter- 
pretation and rejection of what may seem 
definitive conclusions. Moreover, trial results 
are never wholly relevant to an individual 
patient with his or her own unique set of 
pathological and functional problems. 

Despite these uncertainties, planners and 
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managers also increasingly expect additional 
evaluative information, which can be equally 
difficult to provide and interpret. They want to 
know not only that a procedure is effective but 
also how effective and at what cost. Cost utility 
analysis is one method designed to consider the 
cost of new technologies against their potential 
global population benefit. Mortality benefit is 
adjusted for the quality of life during the life 
years gained by the application of the tech- 
nology. This measuring tool is termed the 


QALY—Quality Adjusted Life Year. There — 


are various difficulties associated with this 
approach and it has received substantial criti- 
cism. 

While the basic principle of cost-utility 
analysis cannot be challenged its implementa- 
tion is more difficult than many believe. What is 
cost and how is it measured? Should judgments 
be made based on cost to the hospital or to the 
NHS? The two can be very different. Should 
we be concerned with marginal costs or full 
costs? Should costs be calculated per procedure 
or per case? Should the calculation be for this 
admission, this year, or forever? Even if the 
guidelines are agreed, measurement is com- 
plex, as wide disparities in data (for example 
the cost of coronary artery bypass grafting) can 
attest. How easy is it to estimate outcome? 
Many feel it is not easy, and that attempts to do 
so may lead to misleading distortions. Alth- 
ough the QALY is likely to become established 
as a permanent package within health econ- 
omics, it is at best a crude measure and may be 
based on questionable assumptions. 

Nevertheless, despite these limitations, the 
technique can be useful in guiding decisions on 
allocation and in extending the framework of 
“rationality” on which they are based. For 
example the results of ISIS—2 show the clinical 
effectiveness of treatment with streptokinase as 
well as aspirin after infarction.® It can be shown 
by cost-utility analysis’ that the costs per 


QALY of adding streptokinase into the treat- , 


ment required are low compared with those 
costs published for other procedures in routine 
use, including mammography, heart transplan- 
tation, coronary artery bypass grafting, and all 
types of treatment for end stage renal 
failure. " 


MARKET ORIENTATION 

A pure market orientation is inappropriate 
within health care provision because those 
most in need are often least able to pay. For this 
reason the proposals within the NHS white 
paper aim to continue to base funding largely 
upon taxation, with receipt of service remain- 

ing substantially free at the point of delivery. 

Publicly funded authorities will determine the 
health care needs of the population and will 
purchase services to meet those needs from a 
range of service providers, within both the 
public and private sectors. Increasingly these 
“purchasing”? authorities will not manage 
services directly. ‘‘Providers” will deliver 
service against contracts established with the 
“purchasing” authorities; the competitive for- 
ces created within this marketplace are expec- 
ted to create increased efficiency and eliminate 
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the inefficiencies inherent in any large 
bureaucracy. The authors of the white paper 
believe that this greater efficiency will be 
associated with a better quality of care and that 
standards can be set and monitored within the 
contracts. A substantial investment will be 
necessary in information systems to support 
the contractual interface between purchasers 
and providers. Will the expected benefits be 
achieved? The answers to this question lie in 
the future, though the challenge is immediate. 


The difficult way forward 

It is clear that cardiologists and cardiac sur- 
geons must be involved in decisions about both 
allocation and rationing if they are to influence 
these processes for the benefit of patients. Yet 
this object poses an inevitable dilemma. Should 
doctors face the costs of their decisions? If they 
do not, the result can be inefficiency and 
favoured provision of patient care for the few to 
the detriment of the many. If they do, then the 
result could theoretically be a downward pres- 
sure on the quality of service. 

We have no easy solution. Most agree that 
the clinical views should be heard at the level of 
political allocation, at the level of local adminis- 
trative distribution of the allocation using the 
most appropriate “tational” means, and within 
the unit itself, increasingly through an 
involvement in resource management. This 
involvement in resource management may 
reduce anomalies in the provision of health care 
but has little effect on the adequacy of alloca- 
tion. 

Clinicians must accept that if treatment of 
proven effectiveness is not available for all who 
may benefit, an element of rationing must be 
introduced if provision is to be better than 
random; but this poses considerable problems 
when dealing with individual patients. 
Physicians and surgeons are already familiar 
with triage as the technique invented by 
military surgeons for selecting battlefield 
casualties most likely to benefit from the 
application of scarce resources. But when this 
process has an economic basis it is less familiar 
and less welcome. It creates a even greater 
dilemma because it influences the doctor- 
patient relationship. The patient regards the 
physician as a trusted adviser, and expects him 
to be, where necessary, his advocate. 

How can physicians combine their clinical 
roles with their responsibility for the use of 
resources? No one but the physician can make 
rationing decisions based on clinical criteria. 
Yet their actions must not damage their 
relationship with an individual patient. Again 
we have no ready answer, but only a part 
solution. Physicians will come to see that 
involvement in the processes of medical audit 
and resource management can lead increasingly 
to informed decisions based upon knowledge of 
outcomes that are translated into agreed 
protocols for service delivery. In this way 
doctors should not need to introduce budgetary 
considerations into clinical decisions about 
individual patients. They will recognise the 
position of their patient in relation to a 
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would be glad if Professor Samojloff would 
send him reprints of his published works on 
the electrocardiogram.” In addition to ack- 
nowledgments of reprints over the years, in a 
handwritten letter Lewis (15 August 1922) 
commented on a paper on atrial flutter by 
Samojloff, of which he had received a reprint, 
and discussed various interpretations of the 
cycles. But the most interesting letter is that 
sent in 1928, in which Lewis thanked 


Samojloff for the picture of Einthoven, which . 


he also admired (fig 5). 


The letters from Samojloff are reproduced with the BETAN 
of his daughter Anna Samoyloff of Moscow and through the 


courtesy of the Trustees of the Wellcome Trust, whom we also . 


thank for permission to mention the letter from Raymond 
Crawford to Lewis. We thank Professor R A Chapman, 
secretary of the Physiological Society, for permission to use 
material from their archives and Mr D H Steven, honorary 


archivist, for the list of those es ti the Guay De Harvey - 


celebration,. used in figure 3. avenport, 
hbrarien, Royal College of AET O might provided details 
of the College celebration. 


l in E. Das Hlektrokardiogramm. Em Handbuch fur 
und Praxis. Dresden and Leipzig: Veriag von 
Theodor Steinkopif, 1942. 
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The British Heart Journal weicomes letters 
commenting on papers that it has published 
within the past six months. 


All letters must be typed unth double spacing 
and signed by all authors. 


No letter should be more than 600 words. 


No letter should contain more than six 
references (also typed with double spacing). 


Estimation of the risk of death after 
acute myocardial infarction from sys- 
tolic time intervals 


Sm,-—-Dr B J Northover’s study (1989:62: 
429-37) adds a critical link to the chain of 
evidence supporting the use of the systolic 
tume intervals, specifically the ratio of the pre- 
ejection period to the left ventricular ejection 
time (PEP/EP), as a valuable mortality risk 
indicator after acute myocardial infarction. In 
an earlier investigation on 578 patients with 
acute myocardial infarction, Northover 
showed that the PEP/EP ratio was a potent 
predictor of the risk of death during the in- 
hospital treatment period.' In the recent 
study, Northover followed for 51 weeks 600 
patients who had survived the first seven days 
after acute myocardial infarction. Again the 
PEP/EP ratio was a good indicator of the risk 
of death. The PEP/EP ratio has been shown 
to be an independent indicator of the risk of 
death ın patients studied 14 months to 6 years 
after acute myocardial infarcnon,’ which sug- 
gests that the PEP/EP ratio retains its prog- 
nostic potency for at least the first 6 years after 
acute myocardial infarction. 

In the recent Northover Study multivariate 
analyses of the predictive power of the PEP/ 
EP ratio and a host of clinical prognostic 
indicators showed that the PEP/EP ratio and 
five clinical descriptors including the number 
of previous myocardial infarctions, diabetes 
mellitus, age, diuretic treatment, and bundle 
branch block retained maximal prognostic 
power. Among these the PEP/EP ratio clearly 
had greatest prognostic impact. In the 
patients studied between 14 months and 6 
years after acute myocardial infarction,” 
univariate analysis showed that the PEP/EP 
ratio and age > 60, angina pectoris, dyspnoea, 
previous myocardial infarction, presence of 
S3 gallop, and cardiomegaly on chest 
radiograph were significant prognostic fac- 
tors and that the PEP/EP ratio was the 
strongest prognostic factor. 

Northover examined 24 hour rhythm 
monitoring tapes and the signal averaged 
electrocardiogram as _ electrophysiological 
variables that may provide independent mor- 
tality risk discriminating power. None of the 
commonly tested rhythm disturbances added 
independently to mortality risk after al- 
lowance for the PEP/EP rato and the five 
clinical descriptors noted above. The 
occurrence of late potentials on the signal 
averaged electrocardiogram, which showed a 
significant independent univariate associa- 
tion with mortaliry, did not augment the 


mortality risk discriminating power of the 
PEP/EP rane combined with the five clinical 
descriptors listed above. 

These observations draw attention to the 
potency of the PEP/EP ratio as an indicator of 
mortality risk in patients with recent and 
remote myocardial infarction. The high sen- 
sitivity (88°,) and specificity (96%) of the 
PEP/EP rato m detecting abnormal and 
normal global ejection fracnon i patients 
with previous myocardial infarction’ sup- 
ports evidence that these measures may be 
equally potent discriminators of mortality 
risk As yet we do not know whether the PEP/ 
EP rano adds significantly to or substitutes 
for the ejection fraction measurement in 
mortality risk discrimination. 

I congratulate Dr Northover for his sin- 
gular effort in contributing evidence that a 
measure of ventricular function, other than 
the global ejection fraction, can provide more 
potent mortality predictive power than com- 
monly applied clinical descriptors; this 
relatively inexpensive approach to the assess- 
ment of ventricular function seems to be a 
better predictor of risk than 24 hour rhythm 
monitoring and the signal averaged electro- 
cardiogram. 


ARNOLD M WEISSLER 
Division of Cardiology, 
Mayo Clmic, 

Rochester, Minnesota 55905, 
USA 
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infarction. Br Heart J 1980,43:506-13. 
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recovery from myocardial infarcuon Am J 
Cardiol 1981;48°995-1002 

3 Stack RS, Sohn YH, Weissler AM Accuracy of 
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left ventricular performance in coronary 
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William Heberden. Physician of the Age 
of Reason. Ernest Heberden. (Series: 
Eponymists in Medicine) (pp. xiv + 246; 
£12.95 hardback; £7.95 softback) London: 
Royal Society of Medicine Services, 1989. 
ISBN I-85315-116-5. 


Great biographers not only write about their 
subjects but in a sense become the subjects. 
The writer must be immersed in the appro- 
priate time and place, recognising that sub- 
sequent historical changes may influence 
present interpretation. If written or oral 
records are sparse, the author cannot pene- 
trate the mind and heart of the subject of the 
biography. Then the alternative choices are 
adherence to established facts, with specula- 
tion about what has come to be called “soft” 
data, or historical fiction. To some extent all 
biographies are historical fiction, for the 
characters portrayed exist anly in the im- 
agination of the writer. 
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Ernest Heberden is the fifth generation 
descendant of William Heberden, the eight- 
eenth century physician. In view of Heber- 
den’s eminence as a London practitioner, the 
respect in which he was held by colleagues 
and the general public, his original medical 
contributions, and his popular “Commen-~ 
traries on the History and Cure of Diseases” 
it may seem surprising that no full-scale 
biography has been written previously. 
Ernest Heberden admits limited knowledge 
of his distinguished ancestor before his inves- 
tigation and “no family archives,”’ but he did 
an exhaustive search of historical records, 
William’s publications, and his available 
preserved letters. Despite this diligent pur- 
suit, the elder Heberden escapes the firm 
grasp of the biographer. One is forced to 
conclude that William Heberden wished to 
obscure his personal life and that of his 
family. Neither he nor his son, William, 
disclosed much information that could not 
have been gathered from other sources. 
William Heberden had famous and influen- 
nal friends in and out of his profession, but 
apparently few intimates. His friends made 
numerous references to his pleasing person- 
ality; hospitality, calm judgment, rectitude, 
frankness, erudition, clarity, modesty, and 
religious faith as well as his professional 
ability. Heberden was the personal physician 
of two insightful and highly critical ob- 
servers: Samuel Johnson and John Hunter. 
It is possible that none of his distinguished 
friends felt that they knew the inner man well 
enough to undertake a biography or that he 
dissuaded them. Certainly, he outlived most 
of his contemporaries and he may have 80 
awed younger men that none attempted a 
biography. 

The bare facts of Heberden’s life are 
impressive. He was a poor London boy who 
had the good fortune to be stimulated by an 
inspiring grammar schoolmaster who pushed 
him into study of classic languages and arran- 
ged his entrance into Cambridge University 
at the age of 14. He continued his scholarly 
studies, mastering Latin, Greek, and 
Hebrew, as well as other academic subjects. 
Deciding to study medicine at Cambridge, he 
spent some time in an unspecified London 
hospital. He was permitted to accelerate his 
programme and was awarded the MD degree 
at the age of 27. William remained at Cam- 
bridge, teaching materia medica and seeing 
local patients. After a decade, he moved to 
London and met with early success in prac- 
tice. 


Although London had several prominent 
surgeons on the staffs of various hospitals, 
most of its well known physicians saw 
patients in the physician’s home, in the 
patient’s home, or in coffee houses. Heberden 
did not approve of medical education in 
London hospitals, but he was powerless to 
change the system. His admurable qualities 
were recognised quickly by colleagues and 
patients and soon he was considered to be one 
of London’s leading physicians. The author 
traces William Heberden’s rise to the top of 
the profession as well as his invaluable.con- 
tributions to the Royal Society and the 
College of Physicians. He was instrumental in 
organising publication of the Medical Tran- 
sactions of the College of Physicians and read 
numerous papers before the college, both 
original and communications from friends or 
acquaintances. Heberden enrolled in what he 
knew was an unpopular cause: the right of 
Dissenters (those not members of the Church 
of England) to join the College of Physicians. 
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Many of these were graduates of the Univer- 
sity of Edinburgh, one of the outstanding 
medical schools of all Europe. The cause 
failed and the rights of Dissenters were 
denied for another 100 years. Although 
William wes a dedicated member of the 
Church of England, he did not hesitate to 
annoy a minority of the lesser clergy and most 
of the bishops by his forthright stance on 
Dissenters. Heberden had the ability to 
challenge stands of his friends on important 
principles without alienating them. 

Heberden was the first to separate chicken- 
pox clearly from other exanthems and des- 
cribed the arthritic knobs of the distal phalan- 
ges, and his description of angina pectoris in 
1768 is one of the classics of medicine—so 
complete that little has been added since. 
Here he shows his modesty in referring to a 
friend (probably Dr John Fothergill) who had 
recognised the condition for some years. He 
was not aware of the cause of the symptoms 
and had not had the opportunity to observe a 
postmortem examination in a case. After an 
abstract of his description of angina was 
published in Critical Review in 1772, a reader 
(probably not a physician as stated) recog- 
nised the similarity to his own symptoms and 
realised the likelihood of sudden death. He 
wrote to Heberden saying that he wished a 
postmortem examination to be arranged in 
the event of his sudden death; this request 
was fulfilled a few weeks later by Heberden 
who enlisted the services of John Hunter, the 
leading Britsh surgeon and pathologist. 
Although the biographer doubts that William 
Heberden and Edward Jenner had ever met, 
both were present at this necropsy, Jenner 
being Hunter’s assistant at the time. Nothing 
was found to account for the symptoms, but 
Jenner, reflecting on the episode years later, 
doubted that the coronary arteries had been 
examined. Heberden did not think that 
angina was associated with an anatomical 
abnormality. Despite this belief, he presented 
a paper submitted by Dr John Wall to the 
College in 1772, in which Wall attributed 
angina to aortic stenosis in a single case 
examined pathologically. Heberden’s reading 
of Wall’s contribution to the college is a 
demonstration of his objectivity and gen- 
erosity, even when he did not agree with the 
conclusion. Later, Jenner related angina pec- 
toris to coronary artery disease and wrote to 
Heberden about his observations. The bio- 
grapher quotes Baron (1838) as saying that 
the letter (incorrectly dated 1778 instead of 
1786) was never posted, bur Otterly (1839) 
said that it was. In 1799 Parry published his 
excellent book on angina pectoris, giving 
strong support to the ischaemic theory. Black 
had published a similar view in 1795. There is 
no evidence that Heberden ever recognised 
the cardiac seat for the symptom. In his 
commentaries, Heberden repeated his des- 
cription of angina, but this was written at a 
much earlier date (writing completed in 
1782). 

The commentaries were written in Latin 
for the benefit of any of his sons who might 
choose medicine as a career. His son, also 
William, translated the text into English and 
published it in 1802, the year after his father’s 
death. There is no doubt that the elder 
Heberden’s modesty about this contribution 
delayed its publication for a generation. The 
commentaries received immediate and lasting 
acclaim in Britain and abroad. 

William Heberden made perceptive ob- 
servations on vital statistics, disposal of 
human wastes, sanitary water supplies, 


prudent dieting, polypharmacy, the inefficacy 
of most medicines then available, optimum 
age for retirement, and medical education, 
both undergraduate and postgraduate. He 
recognised the dangers of tobacco, alcohol, 
and opium, but advised that opium should 
not be withheld in hopeless cases in which it 
could give relief. He deserves a place in 
medical history for even these “‘minor’”’ con- 
tributions. In addition to reading classic 
languages, he was interested in current 
literature and was an amateur astronomer. He 
and his companions, John Hunter and John 
Fothergill, were friends of Benjamin 
Franklin, and Heberden and Fothergill were 
sympathetic to the American cause in the 
revolution. Heberden was a keen observer 
and critic, but he was not a scientist in the 
mould of two friends, Stephen Hales and 
John Hunter, nor the much younger Edward 
Jenner. 

The author has written a creditable bio- 
graphy in view of his ancestor’s modesty and 
taciturnity about personal affairs and the lack 
of information that might have been supplied 
by his contemporaries. William Heberden 
stands partially revealed after almost two 
centuries, despite his apparent desire for 
obscurity. Ernest Heberden has served the 
medical public well in not honouring this 
wish in view of the greater good. All who are 
interested in William Heberden or in British 
medicine in the latter half of the eighteenth 
century will want to own this book. There is 
an excellent set of references for each chapter 
and the index is accurate and valuable. A 
sketch of William Heberden, the younger, 
follows the biography. 

WILLIAM L PROUDFIT 


An Unquiet Life: Memoirs of a Phys- 
ician and Cardiologist. J F Pantridge. (pp. 
mx +122; £9.95.) Antrim, Northern Ireland: 
Greystone Books, 1989. ISBN 1-870157-07— 
9. We have been asked to point out that this 
book is no longer available from Greystone 
Books. Copies should be ordered from: The 
Secretary, The Heart Fund, Institute of 
Clinical Science, Royal Victoria Hospital, 
Belfast BT12 6BA, or from bookshops in 
Northern Ireland. 


Cardiologists world wide will know or know 
of Frank Pantridge as one of the “person- 
alities” of our specialty in the postwar years, 
and also as the father of pre-hospital care for 
myocardial infarction. Pioneers do tend to 
have similar attributes that command atten- 
tion: not only originality but boundless 
energy, dogged determination, and a readi- 
ness-—with suitable provocauon—to show 
disrespect for the establishment. These 
qualities come blazing through this fascinat- 
ing book with a terse incisiveness that is 80 
characteritic of the author. 

This is not an autobiography but a collec- 
tion of reminiscences as the subtitle suggests. 
It is written for the general reader. If car- 
diologists find a particular fascination with 
the book it will be because they learn more of 
the man and not because the contents have 
any narrow interest. They do not. Pantridge 
the cardiologist hardly emerges until the last 
30 pages. After some insights into his student 
years we have two harrowing chapters on the 
author’s war experience first as a medical 
officer in Singapore and very soon as a 
prisoner of the Japanese. Some of us old 
enough to remember those dark days still 
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need reminding that incredible incompetence 
allowed 30000 Japanese to defeat 85 000 
allied troops who were given little chance to 
defend what should have been an impreg- 
nable fortress. And that in one camp only 182 
of 1600 British prisoners survived the war 
(most camps were little better). As we read of 
the atrocities and of the privations that were 
suffered by those who were captured, we can 
only marvel at the spirit that kept any of them 
alive. How easy to understand why Pantridge 
remains full of anger after so many years— 
anger on account of the many he strove to 
help but who died under terrible conditions 
and seemingly so needlessly: colleagues, 
friends, strangers from other lands. But of 
self pity there is none. Indeed Pantridge 
makes the point that such experiences can 
even be salutary; but only an indomitable 
character could remain sufficiently unscathed 
to emerge the tougher for such an apprentice- 
ship to life. 

I first encountered Pantridge in 1968 after a 
lecture on the new concept of pre-hospital 
care that was given at the Massachusetts 
General Hospital where I was then work- 
ing—a meeting that made more impression 
on me than it would have done on him. Alone 
of the audience, I was unimpressed and 
deeply sceptical. A prophet is not recognised 
in his own country, but neither is he recogn- 
ised by his own countrymen. It was fate 
rather than insight that led to my own conver- 
sion to the cause a year or so later. I was not 
the last, and indeed only recently has the 
value of Pantridge’s work been widely ap- 
preciated in Britain. Even now, Pantridge 
himself has not received the acclaim that 
might seem appropriate for one who has made 
such a major contribution; perhaps the very 
characteristics that enable a man to modify 
strongly held views among his peers are the 
ones least likely to earn the reward of recogni- 
tion. 

This little book remained too long on my 
shelf with other tasks that await convenient 
moments that so rarely come. But once I had 
opened it I found it was no chore. It was full 
of interest, and I have profited from having 
read it. Others will feel the same. 

DOUGLAS CHAMBERLAIN 


In Search of Truth. A Portrait of Don 
Craib. E B Adams. (pp. xi + 123; £7.95 
paperback; £12.95 hardback) London and 
New York: Royal Society of Medicine 
Services, 1990. ISBN  1-85315-118-1 
(paperback); ISBN I-85315-119-X (hard- 
back). 


It would be easy to glance at this brief 
biography and label it as no more than an 
affectionate tribute to a mentor by a disciple 
but that would be wrong. True, it may be of 
more immediate interest to older graduates of 
the University of the Witwatersrand Medical 
School than to other readers, but some very 
important historical aspects of the develop- 
ment of electrocardiography are ventilated in 
this book. When eyes are focused on the 
political ferment in South Africa a reminder 
of other aspects of life in that country is 
timely 


William Hofmeyr Craib was part Scot, 
part Afrikaner: his middle name indicates 
his membership of an extraordinary family 
of intellectual distinction and political 
achievement now largely forgotten. Having 
served in the British army in France during 
the first world war, he stayed on to qualify in 
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medicine at Cambridge and Guy’s. A Rocke- 
feller fellowship was taken in his stride and 
this took him to Johns Hopkins in 1925-6. 
There his earlier mathematical training led 
him into electrophysiological studies and he 
was just one step ahead of Frank N Wilson in 
propounding the doublet (dipole) hypothesis 
for cardiac activation. This work brought 
Craib to the attention of Sir Thomas Lewis 
when he returned to London in 1926, and he 
was persuaded to take up a Medical Research 
Council fellowship at University College 
Hospital. But for all sorts of reasons he seems 
to have got on badly with a host of luminaries, 
including Willem Einthoven and Lord 
Adrian. After completing an account of his 
studies that was published in 1930 as a 
Medical Research Council Special Report on 
electrocardiography, he abandoned London 
—and research—and returned to South 
Africa to undertake consultant practice in 
Johannesburg. Soon, despite local antag- 
onism, he was appointed part time professor 


of medicine but was not given the full time 
chair when this was created at the end of the 
second world war. His latter years were 
occupied with practice followed by research 
admunistration; and then he recalled past 
glories and slights. 

At this stage of his life Craib became a 
voluminous correspondent, apparently deter- 
mined to correct historical errors and to 
justify himself; but the old adversaries were 
now gone. Adams gently agrees with those 
who have claimed that Craib had exaggerated 
some of the events. Indeed he received inter- 
national recognition fifty years after his great 
days, as his letters were passed around. As he 
had given up research and writing for inter- 
national journals, it was with some surprise 
that he was discovered by those who had 
continued along the lines that he and Wilson 
had laid down. It is particularly gratifying 
that Barry Adams qualifies some of the hostile 
memories that dominated Craib’s last years 
and tries to get the balance right. Craib’s 
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ambivalent feelings about Lewis should be 
tempered by the knowledge that in reporting 
to the Medical Research Council that, despite 
Lewis’s advice to the contrary, Craib was 
determined to resign, Lewis stressed that 
i TETT I have regarded him for some while as 
one of the most, if not the most promising 
candidate (sic) for a professorship of clinical 
medicine and research in this country within 
the space of a few years.” His departure was a 
great loss, but others took up the thread, and 
unipolar electrocardiography soon prevailed. 
Craib was virtually forgotten outside South 
Africa and even there the importance of his 
early work was not fully appreciated; but this 
graceful account by one of his most distingui- 
shed pupils rectifies these omissions, Adams 
evades only two, perhaps impossible, ques- 
tions. What might Craib have achieved had 
he remained in the mainstream? And was 
there some personal quirk that prevented him 

from following such a path? 
DENNIS M KRIKLER 
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Administrative arrangements 

We have made progress with the new com- 
mittee structure. The Training and Man- 
power Committee that was formed last year in 
association with the Cardiology Committee 
of the Royal College of Physicians of London 
has been enlarged and will have much to do. 
It comprises Sleight, Cobbe, Hall, Webb- 
Peploe, and Sulove for the Specialist Advisory 
Committee, Pentecost for the College, Julian 
for the British Heart Foundation, Petch as the 
European representative, with Henderson, 
Dymond, and Chamberlain as other 
representatives of the Cardiac Society. On the 
subject of training, several meetings have 
taken place with the Manpower Committee of 
the College (Chamberlain representing the 
society) in an attempt to resolve the problem 
of registrar posts. We are anxious to have 
enough posts protected for cardiology to 
support the new training programme. This 18 
agreed 1n principle, but arrangements may be 
delayed because other specialties wish to 
follow the same path. This is reasonable, and 
indeed lends strength to the cause, but the 
logisucs have become formidable Meanwhile 
the Department of Health is anxious to press 
ahead with the new arrangements to regulate 
registrar posts and reduce the numbers. You 
wil hear more. 

A Data Management Committee has been 
set up, to be chaired by Parker. Other mem- 
bers are Campbell, Hubner, Macfarlane, 
Nathan, Poloniecki (co-opted), Rickards, 
Chamberlain, K Taylor, and a paediatric 
cardiologist still to be nominated. This com- 
mittee will have an interest ın systems and in 
software, with the particular aim of achieving 
uniformity or compatibility wherever this is 
desirable. This is a hot potato—if you have 
strong views do not hesitate to make them 
known. 

We need to be smarter with our public 
relations. Therefore the small publications 
committee has been expanded and will take 
on a wider role as Public Relations and 
Journals Committee. It will be chaired by 
Oldershaw, with Krikler (ex officio as editor 
of the British Heart Journal), Sleight (ex 
officio as editor of Cardiovascular Research), 


Henderson, Parker, Poole-Wilson, and 
Chamberlain. We have appointed Joan Scott 
Public Relations to assist us for a year in the 
first instance: this will provide a measure of 
the value of professional help in this impor- 
tant area. Staff within the organisation are no 
strangers to the medical scene. They have 
worked with the society in the past and havea 
regular commitment to several other special- 
ist groups and to the Bntush Heart Founda- 
tion. Claire Marley (Claire Julian in private 
life) 1s the consultant for the organisation who 
will work with us. 

The society’s contribution to the Jomt 
Cardiac Audit Committee has been strength- 
ened by the addition of Cobbe, de Bono, 
Hubner, Keith Fox, and Wray. Other mem- 
bers are Joy, West (co-opted), Treasure, and 
Chamberlain, with Brooks (chairman), Birk- 
head, and Pentecost as college nominees. 

The name Chamberlain appears more than 
most-——this is an ex officio phenomenon, and 
is not related to any desire for more work: still 
less to any special skills or popularity in 
committees. He 1s confident that others will 
carry the burdens. This 1s not the end of the 
list of new or expanded committees. We hope 
soon to appoint a Technicians Liaison Com- 
mittee. It will be chaired by Dymond. Lastly, 
we want to explore the possible role of an 
Ethics/Peer Review Committee. Do other 
areas need special attention? 


Annual meeting 

By the time members read this page, the die 
will have been cast on the question of London 
meetings. The Conference Centre at Wem- 
bley has now offered what we were seeking 
but could not previously attain—agreement 
to hold meetings on alternate years at Wem- 
bley. But after Torquay do we still want it? If 
you do not already know and you cannot wait 
to find out by watching this space, you will 
have to telephone me and I will tell you. 
Perhaps we should settle other contentious 
issues by ballot: we cannot then be considered 
undemocratic, at least not in all things. 


Europe 

The European Society of Cardiology meeting 
in Stockholm will be taking place very soon 
after this appears in print. We hope as many 
as can do so will attend. The society will help 
with expenses of at least some registrars and 
research fellows if they are not sponsored by a 
pharmaceutical company. Preference, of 
course, will be given to those who will be 
presenting papers or posters. With a 
European meeting in the autumn, do we need 


a second low cost workshop type meeting for , 
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the society at a similar time of the year? Our 
affiliated groups tend to have their own 
meetings, and may not wish to be tied to a 
common venue and time. Is there really a 
need for more meetings to present hot data? 

Henderson has asked whether it should be 
customary to use the initials FESC for those 
who have been elected to the European Fell- 
owship. Surely we should—if indeed one is in 
degree, diploma, and fellowship mode. This 
is coming ito use by our European 
colleagues, and will reflect our own support 
for the appropriate integration of European 
cardiology. The European Fellowship is 
becoming coveted, and this is the way we 
believe it should be. We now need some 
agreement both on the principles governing 
nominations for election to the Fellowship, 
and at what stage in the career structure this 
might be appropriate. At the present time 
some inconsistency between countries is 
emerging. 


The society page 
We want to air the views of members on this 
page. A little amicable controversy is not 
barred. Please be encouraged to write with 
news, comments, queries, and criticisms. We 
reserve editorial rights, but only on the 
ground of what we feel to be appropriate. We 
are not adverse to heterodox views, but 
remember that they will be firmly attributed 
to their authors, especially if we do not like 

them. 

DOUGLAS CHAMBERLAIN 
President, British Cardiac Socuty 
PAUL OLDERSHAW 
Secretary, Britush Cardiac Soctety 
St Andrews Place, 
London NW14LB 





NOTICES 





British Cardiac Society 

The Annual Meeting will take place at the 
Scottish Exhibition Centre, Glasgow, on 30 
April to 3 May 1991. 


Endovascular therapies in vascular 
disease 

The International Congress IV: Endovas- 
cular Therapies in Vascular Disease will take 
place in Scottsdale, Arizona on 10 to 14 
February 1991. Further information from 
Erika Scott, International Congress IV, PO 
Box 10,000, Phoenix, AZ 85064, USA. 
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first published in these pages, along with other regular features such as the Clinical Progress Series, 
Research Advances Series, Editorials, Point of View, Editorial Comments, Letters to the Editor, and the 
AHA News and Meetings Calendar. Another reason for Circulation’s stature is its rigorous peer 
review process provided by an international editorial board under the leadership of Editor-in-Chief John 
Ross, Jr, MD. Still another is Circulation’s ISI impact factor: first in the cardiovascular system category, 
which included: 59 journals in 1988. = Moreover, Circulation is regularly indexed in Excerpta Medica, 
Index Medicus, Biological Abstracts, Chemical Abstracts, and Life Sciences Collection. It is also available 
on BRS Colleague. All of which make Circulation the foremost authority _@ 
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Editorial 





Getting a handle on the prevalence of coronary 


heart disease 


Few scientists are as skilled as epidemiologists at torment- 
ing clinicians. The practice began when John Snow, an 
academic ruffian, damaged physicians’ pride and public 
property by removing the handle of the Broad Street pump 
during a cholera epidemic. 

In this issue of the British Heart Journal the contretemps 
continues (p 295). Smith ez al confirm the high prevalence 
of coronary heart disease in Scotland and establish that 
there is considerable variation in disease prevalence among 
Scottish districts. This observation extends the earlier 
work of the Scottish Heart Health Study which showed 
regional differences in the death rate from coronary heart 
disease and in the prevalence of risk factors for ischaemia. ™* 
Understanding these variations in a country with one of the 
highest rates of coronary heart disease in the world may 
lead to a better understanding of preventable causes of 
coronary heart disease. 

The difficulty that clinicians and epidemiologists have in 
communicating is illustrated by this paper and primarily 
centres on the methods used by Smith et al who estimate 
the prevalence of coronary heart disease. Unlike the “hard” 
data for rates of hospital admissions for infarction, 
prevalence is difficult to measure accurately and must be 
estimated by symptoms, by abnormalities in the electrocar- 
diogram, or by other more specific tests. The Scottish 
Heart Health Study used several methods to estimate 
disease prevalence, including a self administrated Rose 
questionnaire for angina pectoris, a resting electrocar- 
diogram coded by the Minnesota criteria for Q/QS patterns 
for past transmural infarction and by ST and T wave 
abnormalities for resting ischaemia, and a self-reported 
history of coronary heart disease. These are accepted 
techniques with good, population based, repeatability and 
validity for the detection of coronary heart disease. But 
they are also commonly used clinical tests that clinicians, 
for good reason, do not trust to diagnose coronary heart 
disease accurately in individual patients. 

Because these methods are standardised they can be used 
to estimate disease prevalence in different large popula- 
tions. Their limited sensitivity and specificity are out- 
weighed by their repeatability when applied to the same 
group of people, their ease of use, and their proven validity 
in identifying groups of people at risk of developing the 
consequences of coronary heart disease. The methods work 
particularly well for testing hypotheses about associations 
between coronary heart disease and its potential causes 
because random misclassification of an individual as having 
or not having coronary heart disease tends to obscure true 
associations but not create false associations. For com- 
parisons between different groups, random errors and even 
biases leading to overestimates or underestimates of the 


actual number of true cases of disease are less critical 
because the comparison is the measure of interest. More- 
over, the use of all three methods allows the estimates by 
each method to be compared. 

But the extent to which these methods can be applied to 
smaller groups—for example, to a Scottish district or to an 
individual—is unclear. For small groups of people and 
certainly for individual patients we need more sensitive and 
specific methods. For example, it would be ludicrous to 
label an individual as having coronary heart disease on the 
basis of their answers to the Rose angina questionnaire or 
ST and T wave abnormalities on their resting electrocar- 
diogram. 

Even the coded resting electrocardiogram, one of the 
more objective methods of assessing disease prevalence, is 
seriously flawed. Old myocardial infarctions can cause Q or 
QS waves in the electrocardiogram, and Q waves from an 
infarction may resolve. The relation between coronary 
heart disease and ST and T wave changes on the resting 
electrocardiogram is even less precise because these 
repolarisation abnormalities are likely to be caused by left 
ventricular hypertrophy or other commonly occurring 
cardiac processes. 

A patient’s self-reported history of a previous infarction 
or diagnosis of angina is also not specific for diagnosing 
ischaemic heart disease. Even for carefully recorded data, 
verification of self-reported history 1s not perfect. For 
example, a diagnosis of myocardial infarction can be 
confirmed in hospital records in only 85% of those with a 
self-reported diagnosis.” The validation of less definite end 
points is probably much less consistent. 

How do these limitations in survey methods affect the 
results of the Scottish Heart Study? There seems to be 
reasonable agreement between these methods, and reason- 
able correlations with measures of atherosclerotic heart 
disease—such as the category specific death rates. The 
evidence suggests that there are regional differences in the 
prevalence of coronary heart disease in Scotland. However, 
Smith et al go beyond this important observation to imply 
that these methods can be relied upon to support the view 
that coronary heart disease is more prevalent in women 
than in men. 

Data derived from the Rose questionnaire, but not from 
the self-reported -past medical history or the coded elec- 
trocardiogram, indicated a higher prevalence of angina 
(particularly the milder forms) in women. Other studies 
consistently found a high rate of mild chest pain in women.° 
We do not know whether this difference reflects a pecu- 
liarity of the Rose questionnaire or a difference in the 
perception or description of chest pain between sexes. 

Many physicians assume that women report a high rate 
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of angina in response to the Rose questionnaire because the 
questionnaire lacks specificity and because women are 
describing a hypersensitivity to pain or anxiety related 
symptoms. But which estimate of disease prevalence is 
correct? Could men be underreporting their symptoms? 
‘These are important questions because there is a growing 
awareness that coronary heart disease In women may be 
misdiagnosed or undertreated and that this may account for 
their increased morbidity after interventions such as coro- 
nary artery surgery and angioplasty have been delayed.’ 

That at least part of the answer lies in the limitations of 
the Rose questionnaire or in a difference in the pain 
threshold of men and women in the Scottish Heart Health 
Study is suggested by the lack of correlation with other 
measures of ischaemic heart disease and the observation 
that women had a lower rate of more severe angina, a lower 
rate of ST and T wave changes and of Q wave changes, and 
a lower rate of ischaemic heart disease diagnosed clinically. 
This point needs further exploration. 

As this story unfolds and we learn more about regional 
differences in the prevalence of ischaemic heart disease as 
well as differences in presentation in men and women, 
physicians should bear in mind that the Rose question- 
naire, Minnesota coded electrocardiograms, and validated 
patient histories are all reasonably good survey methods. 
Epidemuologists should remember the major limitations of 
these measures when they are applied to small populations 
and to subgroups of a population. They should be cautious 
before they recornmend the extrapolation of such data to 
policy recommendations for changes in clinical practice or 
in resource allocation. 

Despite the bluster and noise that they may make, 
clinicians rely on epidemiologists for leadership. 
Epidemiological observations can have direct and 
immediate effects on the type of practice allowed or 
recommended for individual patients in whom athero- 
sclerotic heart disease is suspected. The implication that 
physicians are systematically misdiagnosing women or any 
subpopulation is taken as a personal affront by most 
physicians. It is irresponsible for epidemiologists to 
present incomplete and not fully developed observations 


Simpson, White 


and theories because publication of such ideas in a clinical 
journal implies that they should be incorporated into 
clinical practice. In addition, there is concern that these 
simple tests used in population research will be forced on 
physicians as necessary or sufficient screening procedures 
for the diagnosis or treatment of individual patients with 
suspected coronary artery disease. 

Physicians are a tolerant lot. They can probably come to 
terms with the knowledge that the west of Scotland has 
more ischaemic heart disease than the east. And as research 
continues into the epidemiology of coronary heart disease, 
they can perhaps accept the incongruous finding that young 
women have a higher rate of angina despite lower mortality 
and a lower infarction rate than young men. 


ROSS J SIMPSON, Jr 


Division of Cardiology, 
Department of Medicine, 
Uniwerstty of North Carolina, 
Chapel Hull, North Carolma, USA 
ALICE WHITE 
Department of Epidemiology, 
School of Public Health, 
Uneversity of North Carola, 
Chapel Hill, North Carolina, USA 
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Exercise and heart disease: Is there still a controversy? 


Exercise enthusiasts claim prophylactic and therapeutic 
benefits for what they regard as an evolutionary and 
biologically normal, indeed essential, human activity, 
now largely neglected in the over-nourished West and 
consequently the cause of an epidemic of “‘loafer’s heart”. 

The cynical, conservative view is that taking exercise is 
like “‘practising’’ anything else; it makes people better at 
performing exercise (largely from training effects on 
skeletal muscle), that too much exercise, like too much 
alcohol, is bad for you and, as with alcohol, excess means 
taking more than your doctor. 

Cynics would also claim an equal benefit for the same 
amount of time spent in meditation plus dietary calorie 
restriction equivalent to the calories burned during exer- 
cise. They interpret statistics on the benefits of exercise as 
indicating that exercise adherents are a self-selected, 
atypical minority indulging in unnatural repetitive 
behaviour (proven by the small percentage of adults 
particularly in the United Kingdom who do take significant 
amounts of exercise, and the poor long term compliance 
achieved in most “imposed” exercise programmes). 

The occasional widely reported exercise related death 
reinforces any excuse for physical inactivity. 

Regular exercise has effects on peripheral muscle, the 
peripheral and central circulation, and the heart, as well as a 


multitude of metabolic systems and indeed psychological - 


variables. Do we know which of these are important in 
terms of coronary prevention and patient management? 


Measuring exercise 

Unfortunately exercise is not a simple “drug” with easily 
measured doses, blood concentrations, and pharmaco- 
kinetics; different exercise regimens can have very variable 
effects. Severe anaerobic exercise for one subject may be 
light aerobic work for another and the biological effects will 
be very different. A marathon run of 262 miles is 
considered an extreme form of endurance exercise and 
often described as “‘severe exertion” but may entail only 
50-65% of the runner’s aerobic capacity, is run every 
weekend by some runners, or even by self publicists on 
three successive days. A series of pressups may be well 
within the capacity of a patient with angina or even mild 
heart failure who has performed an exercise ritual every day 
but quite impossible for a normal “fit” marathon runner 
not so accustomed. 

Rates of walking and going upstairs or an incline vary 
enormously as do exercisers’ abilities to judge pace or 
distance accurately, making self reporting of exertion 
unreliable and epidemiological data difficult to obtain. 


Coronary prevention and exercise 

Sustained aerobic exercise increases serum high density 
lipoprotein concentrations, with trained exercising muscle 
producing HDL,-C,’ whereas short bursts of intense 
exercise, such as repetitive sprints or weight training, have 
little or no effect on HDL concentrations. Does this mean 


that only aerobic exercise is beneficial in coronary preven- 
tion, or is exercise of all types better than sloth? 

The benefits of exercise in heart disease prevention have 
been disputed and will undoubtedly remain so with some 
major epidemiological studies claiming a very minor role 
for exercise in coronary prevention compared with the 
established major risk factors of hyperlipidaemia, hyper- 
tension, and smoking and the benefits of exercise largely 
being attributed to minor changes in HDL concentrations, 
which in some studies could be correlated with changes in 
body weight. 

What these studies have often neglected is the possibility 
that exercise may, in addition to being a less impressive 
independent risk factor, have effects on various factors, 
such as a tendency to smoke, serum lipids, body composi- 
tion, blood pressure, clotting factors, and insulin sensi- 
tivity. Studies that match control and exercise groups for 
even some of these factors may be minimising the beneficial 
effects of exercise. ` 

Exercise and “body maintenance” are often part of a 
lifestyle package that embodies many of the facets being 
promoted ın coronary prevention and to the extent that 
exercise makes people think about their bodies—what they 
can do with them and how they should eat—it performs a 
useful promotional function. These benefits were des- 
cribed in a recent paper by Morris et al, who showed a 
dramatic reduction in coronary events over the subsequent 
nine years for civil servants who report what is termed 
“vigorous exercise” (> six times basal oxygen uptake) 
against controls and in this study a less dramatic benefit 
also for “fast walkers” (> 4mph) but not for all age 
groups.’ Like his previous study’ the éxercise was reported 
retrospectively, on this occasion for four weeks, rather than 
as in the previous study for three days. 

Does exercise prevent progression of coronary atheroma 
or only the superimposed coronary events? Morris et al 
seem to favour the latter interpretation. This suggests that 
the beneficial effects of exercise in raising HDL concentra- 
tions, improving the lipid profile, lowering blood pressure, 
and increasing insulin sensitivity had no effect on atheroma 
progression but did affect the thrombotic and arrhythmic 
sequences that produce a coronary event. Is this really so or 
are our epidemiological techniques not sufficiently refined? 

The original message from Morris’s group that vigorous 
aerobic exercise was needed and that it had to be main- 
tained on a regular basis to confer any protection (being an 
athlete in the past was not beneficial) is supported by the 
current study in which brisk walking was also preventive. 
The findings do not fully accord with Paffenbarger et afs 
study which suggested an almost linear benefit from 
increasing caloric expenditure with lower levels of exertion 
being protective if sufficient time was spent on them.‘ 

A study that could answer these questions is not socially 
possible. To recruit sufficient subjects for a randomly 
allocated exercise study in coronary prevention involving 
matched risk factors and various types of intervention with 
different exercise protocols followed for many years, with 
monitoring of diet and exertion levels in each of the groups 
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would be an elephantine, logistic nightmare and demand 
severe restriction on the subjects who would only be 
allowed to follow their designated exercise and dietary 
programmes—no more or less. 


Other reasons for exercise? 

To exercise purely as an insurance policy against possible 
future coronary events is a negative way of thinking. 
Exercise should be a pleasure and bring its own immediate 
rewards. Fortunately exercise, after the initial “breaking 
in” period is usually enjoyable, improves the exerciser’s 
“self image’? and has a large number of other health 
benefits.’ The simplest form of exercise is to walk, cycle, or 
jog to work and to use the stairs rather than waiting for lifts 
at work. Commuters who do this will benefit the environ- 
ment as well as their coronary arteries. Morris has shown 
that his exercising group had a lower mortality from all 
causes. Exercise is not as dangerous as “loafing”. 

The first and only death in ten years in the London 
marathon (among 186 000 runners (average age 39) who 
altogether ran 5 million miles and have cumulatively run 
for 90 years) occurred this year. What other human activity 
is so safe? 


Exercise as angina treatment 
Todd and Ballantyne compared exercise and f blockade as 
treatments for angina.© P Blockade ameliorates angina 
largely by blocking the chronotropic response to exercise. 
Exercise training produces a sympathetic drive tachy- 
phylaxis in which there is down regulation of $ receptors 
and less response to chronotropic sympathetic drive after 
exercise training. It also increases the “efficiency” of the 
circulation so that a higher percentage of the cardiac output 
goes through the exercising muscle and the mechanical 
work of the heart becomes less for the same submaximal 
exercise load. 

Todd and Ballantyne’s study used a largely self- 
controlled short daily incremental exercise programme in a 
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group of compliant subjects with moderately severe angina. 
At the end of a year the exercise group could exercise at 
higher load, achieved a higher heart rate before developing 
evidence of ischaemia, and when retested achieved a higher 
double product ST threshold than they had done with or 
without $ blockade before going on the exercise pro- 
gramme. These improvements were not found in a non- 
exercising control group who if anything showed some 
deterioration. The success of this study, which was 
apparently performed without electrocardiographic 
monitoring for silent ischaemia but used the subjects’ overt 
symptoms of angina to control their activities, is reassuring 
and suggests that in selected patients an exercise 
programme would be better than $ blockade. The exercise 
group had considerably better exercise tolerance than those 
treated with $ blockers and they felt good. We cannot 
predict whether fitter already active subjects in whom 
angina develops would derive the same benefits from 
exercise. 

Studies in heart failure’ and angina show the benefits of 
exercise, $0 conservative cardiologists will now perhaps 
accept that it is never too late to start exercise. 

DAN S TUNSTALL PEDOE 


Gardtac Department, 
St Bartholomew’s Hospital, 
London EC1A 7BE 
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ORIGINAL ARTICLES 
Prevalence of coronary heart disease in Scotland: 
Scottish Heart Health Study 
W CS Smith, M B Kenicer, Hugh Tunstall-Pedoe, E C Clark, I K Crombie 
Abstract currently being collected in Glasgow as part 
Data from 10359 men and women aged of the World Health Organisation MONICA 
40-59 years from 22 districts in the Scot- project.” This study will allow the incidence of 
tish Heart Health Study were used to myocardial infarction in different countries to 
describe the prevalence rates of coron- be compared. 
ary heart disease in Scotland in 1984- Another approach to assessing the extent of 
1986 and their relation to the geogra- coronary heart disease in different countries 
phical variation in mortality in these and in different geographical areas within a 
districts. Prevalence was measured by country is the estimation of disease 
previous history, Rose chest pain ques- prevalence. This uses standardised methods 
tionnaire, and the Minnesota code of a 12 to estimate the proportions of individuals in 
lead resting electrocardiogram. The communities who currently have evidence of 
prevalence of coronary heart disease in coronary heart disease. The Scottish Heart 
Scotland was high compared with Health Study used three standard 
studies from other countries that used epidemiological methods to estimate the 
the same standardised methods. A his- prevalence of coronary heart disease. These 
tory of angina was more common in men were the previous medical history, the Rose 
(5°5%) than in women (3°9%), though in chest pain questionnaire, and the resting 
response to the Rose questionnaire 8:5%  electrocardiogram coded according to the 
of women and 63% of men reported Minnesota code. We used the findings to 
chest pain. A history of myocardial describe the prevalences of the disease, to 
infarction was three times more com- examine geographical variations in prevalence 
mon in men than women, as was a Q/QS_ in Scotland, and to compare these with 
pattern on the electrocardiogram. There measures of coronary heart disease mortality. 
were significant correlations between The results were compared with the 
the different measures of coronary prevalence of coronary heart disease found in 
prevalence. District measures of angina other studies in other countries when the same 
correlated well with mortality from methods were used. 
coronary heart disease, and these 
correlations tended to be stronger in 
women than in men. There was no sig- Subjects and methods 
nificant correlation between mortality METHODS 
from coronary heart disease and The measures of coronary heart disease 
measures of myocardial infarction. The prevalence were based on the Scottish Heart 
study provides data on the prevalence of Health Study methods.° In this study a 
coronary heart disease in men and representative sample of men and women aged 
women that are valuable for the plan- 40-59 years was drawn randomly from those 
ning of cardiological services. registered with general practitioners in 22 
different districts throughout Scotland. The 
Cardiovasciiár l target number of subjects in each district was 
Epidemiology Unit, In Scotland mortality from coronary heart 450 with larger numbers of participants in 
Ninewells Hospital disease is very high in both sexes’ and shows Edinburgh and Glasgow. 
Se aii School, considerable geographical variation.? Mor- Each subject was invited to complete a 
W CS Smith tality statistics are based on the cause of death questionnaire and attend a clinic for a physical 
MB Kenicer given by the certifying doctor and certification examination at which a 12 lead resting 
De ee practice may vary between countries. Within electrocardiogram was recorded. The ques- 
IK Crombie one country, however, the differences in the tionnaire was self-administered and included 
oon registration systems and certification patterns questions on past medical history of coronary 
Dr W CS Smith, are smaller.’ Incidence rates of myocardial heart disease and the Rose chest pain ques- 
Cardiovascular tionnaire.’ The electrocardiograms were 


Ninewells Hospital and 


Dundee DD 1 OSY. 


Accepted for publication 
13 June 1990 


infarction are another measure for comparing 
the coronary heart disease experience of dif- 
ferent areas. A study in 1967-1968 gave some 
information on the incidence of myocardial 
infarction in Edinburgh‘ and further data are 


coded by the Minnesota method? by two 
separate coders and the results were collated 
by an independent arbiter. 

Prevalence based on past medical history 
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Table 1 Prevalence of coronary heart disease in 22 
Scottish districts 





Men Women 
Median (range) Medan (range) 
Past medical history (%). 


Angina 55(2 791) 39(1 4-77) 

Myocardial infarction 43(20-8 3) 14(0 3-35) 
Rose questionnaire (%): 

Any chest pain 29 1 (21 5-39 1) 247 (14 6-34 5) 

Angina 6 3 (3 9-14 8) 8 5 (4 3-17 6) 

Angina grade I 42 (2 1-9 8) 6 7 (3 3-12 2) 

Angina grade 2 21(0 7-5 4) 20,0 0-58) 

Possible infarction 7863-13) 5 4 (2 6-8 4) 
Hiectrocardiogram (%) 

Q/QS pattern 170051) 0 75 0-1 

Ischaemic (Whitehall) 9864141) 8 7 (5 5-150 

Major abnormality 59 (2 8-8 6) 38 i 1-8 9) 

Minor abnormality 10 7 (5 7-15 7) 8 0 (4 3-12 4) 
Standardised mortality 

ratio 101 (61-136) 99 (50-147) 





was measured as the percentage of subjects 
who had a history of angina pectoris or 
myocardial infarction. The Rose chest pain 
questionnaire identified the percentage with 
any chest pain, angina grade 1 and 2, and 
possible myocardial infarction. The electro- 
cardiograms were used to identify individuals 
with a Q/QS pattern (Minnesota codes 1.1- 
1.2); ischaemic changes based on the White- 
hall’ categories (Minnesota codes 1.1-3, 4.1-4, 
5.1-3, 7.1); and the major (Minnesota codes 
4.1-2, 5.1-2, 6.1-2, 7.1, 2, 4, 8.1, 3) and minor 
abnormalities (Minnesota codes 1.3, 4.3, 5.3, 
6.3, 9.1, 3.1-2, 2.1-2) as used in the Pooling 
Project” and other studies. 

The measures of mortality from coronary 
heart disease were based on routine death 
certificate information for men and women 
and they were indirectly standardised for age 
over the range 35-64 years by standardised 
mortality ratios (SMR). We used the Scottish 
rates as the standard (the SMR for Scotland 
as a whole is 100), independently for men 
and women, and coronary heart disease was 
defined by International Classification of 
Diseases rubrics 410-414. The deaths for the 
years 1979-1983 were combined. 
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Table 3 Rank correlation between prevalence and 
standardised mortality ratios for coronary heart disease 
in 22 Scottish districts 


Rank correlation coefficient 
Men Women 
Past medical history 
j O11 0 57ł 
Myocardial infarction 001 0 22 
Rose questionnaire: 
Any chest pain 0 40* 0 49* 
Angina 0 49% 0 77+ 
Angina grade 1 0 36 0 67 
Angina grade 2 0 43* 0: 
Possible infarcnon 031 0-51 
Electrocardiogram 
Q/QS pattern 0 16 0-06 
Ischaemia (Whitehall) 0 16 0 23 
Major abnormality —0 25 0 24 
Mumor abnormality 011 0 04 





«005 > p> 001,tp < 001. 


Results 
‘There were 10 359 men and women aged 40-59 
years from the 22 selected districts in the 
Scottish Heart Health Study. The overall re- 
sponse rate was 74%. Table 1 shows the range 
and median percentages of men and women 
across the districts who had positive medical 
histories, positive responses to the Rose ques- 
tionnaire, and electrocardiographic changes. 
The percentage with a history of angina was 
slightly higher in men than in women and a 
history of myocardial infarction was about 
three times more common m men. About a 
quarter of men and women had at some time 
suffered from chest pain or discomfort but only 
a few conformed to the conventional Rose 
definition of angina.’ The percentage of women 
who were positive for Rose angina was slightly 
higher than that of men; this difference was 
attributable to a difference in the less severe 
(grade 1) angina. A higher proportion of men 
than women were classified as having possible 
infarction according to the Rose criteria. The 
Q/QS pattern was three times more common in 
men than women but the sex differences in the 
other electrocardiographic groupings were not 
sO pronounced, with the percentages in men 


Table 2 Rank correlation between the different measures of the prevalence of coronary heart disease in 22 Scottish 








districts 
Past medical hastory Rose questionnaire Klectrocardiogram 
Angina MI Angina MI Q/OS Ischaemia 
Men 
Past medical history- 
— 0-66T 0 43* 0 54 0 26 0 50t 
MI amea 0-12 0 42 631 0 41* 
Rose questionnaire: 
gina grade 1 — 0 58t 0 03 0 53t 
— 019 0 40 
Q/QS pattern — 035 
Women 
Past medical history 
— 0 44* pen 0 52t 005 0 39 
MI — 051 0 32 0 33 0 44* 
Rose questionnaire 
Angina grade 1 — 0-46* 0 0 22 
MI — 0-11 0 26 
Electrocardio 
Q/QS pattern — 0:28 





*0 05 > p > 001, fp < 001. 
Mi, myocardial infarcnon. 


Prevalence of coronary heart disease in Scotland: Scottish Heart Health Study 


Figure 1 Rose angina 
(grade 1) and coronary 
heart disease SMR in men 
wn 22 Scottish districts. 


Figure 2 Rose angina 
(grade 1) and coronary 
heart disease SMR in 
women in 22 Scottish 
districts. 
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being only slightly higher than those in women. 

There was a considerable range of values for 
all the measures of the prevalence of coronary 
heart disease across the districts (table 1); the 
range of the SMRs for coronary heart disease 
was also wide. The most striking differences 
between the sexes were in measures of myocar- 
dial infarction. Table 2 shows the interrelations 
between these various measures of prevalence 
as a matrix of rank coefficients. In men and 
women across the 22 districts a past medical 
history of angina related well to a past history of 
infarction, to the Rose categories, and elec- 
trocardiographic ischaemia, but not to the Q/ 
QS pattern. A past history of myocardial infar- 
ction did not correlate well with Rose angina in 
men but showed a relation with other measures 
both in men and women. The Q/QS pattern 
showed some correlation with previous infarc- 
tion but little relation to the other measures, 
while ischaemic changes correlated with most 
measures across the districts, with the coef- 
ficients for men being similar or greater than 
those for women. 

Table 3 shows the rank correlation of coron- 
ary disease SMRs with the various measures of 
coronary prevalence in men and women across 
the 22 districts. ‘The relation in women be- 
tween a past history of angina and the SMR was 
not seen in men, and there was no relation 
between previous infarction and mortality. In 
men the percentages in a district with any chest 
pain, all angina, and severe grade 2 angina were 
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all related to mortality, In women all the Rose 
categories correlated with mortality and the 
correlation coefficients were greater than those 
for men. Figure 1 shows the relation between 
grade | angina and coronary mortality in men 
and fig 2 the relation between grade 1 angina 
and coronary mortality in women across the 22 
districts. None of the electrocardiographic 
groups in men or women showed any relation 
with mortality. 


Discussion 

Symptom questionnaires” were introduced in 
epidemiological studies because clinical ques- 
tioning was shown objectively to be inconsis- 
tent and unreliable," and a similar experience 
with interpretation of the electrocardiogram 
led to the development of the Minnesota code.® 
The Rose questionnaire and resting electro- 
cardiogram are standard tests for measuring 
and comparing prevalence and there is exten- 
sive documentation of their sensitivity and 
specificity. These measures do not have to be 
correct in every single case but they need to be 
safe and acceptable for population studies, as 
well as being robust, repeatable, and with 
reasonable validity. 

The findings of the Scottish Heart Health 
Study showed the range of values of the 
different measures of coronary disease 
prevalence across the Scottish districts. There 
was a considerable difference between men and 
women in measures of myocardial infarction 
but less pronounced differences in measures of 
angina. Few studies have included women but 
the Framingham study also showed that the 
prevalence of angina in women was more equal 
to that in men than was the incidence of 
coronary heart attacks, and that women with 
angina had a better prognosis. The absolute 
values for measures of infarction were highest 
for the Rose possible infarction category and 
lowest for a Q/QS pattern. Similarly the Rose 
measures of angina were higher than the per- 
centage with a previous history of angina. 

Comparisons between the prevalence of 
coronary heart disease in the Scottish Heart 
Health Study and other studies must be inter- 
preted with care despite the use of standardised 
methods. It is essential that the age groups are 
comparable because of the important effect of 
age on prevalence. There are two versions of 
the Rose chest pain questionnaire: the self- 
administered one may yield rates higher than 
the administered version-—although in a recent 
study, they were shown to be similar.” 
Electrocardiographic findings should only be 
compared if the grouping of Minnesota codes is 
identical. The original paper on the Rose self- 
administered questionnaire gave angina and 
possible infarction rates for men of 7-6% and 
6-7%. These are simular to the findings in our 
study though the age range in the original paper 
was wider (40—64 years). The Whitehall study 
showed that 0-7% of men had a Q/QS pattern 
and 63% an electrocardiogram showing 
ischaemia.“ Both these results are lower than 
the Scottish Heart Health Study; however, the 
Whitehall study used limb leads, which are less 
informative than chest leads.” 
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In the Pooling Project study 3% of men aged 
40-59 years at entry showed major abnor- 
malities and 9% showed minor abnormalities 
on the electrocardiogram’’; both these results 
were lower than our findings. The Copenhagen 
City Heart Study reported values for major and 
minor electrocardiographic abnormality that 
were higher than we found and a comparative 
review reported that many countries had 
higher levels of minor abnormalities than 
Scotland and a few, including Finland, had 
higher levels of major abnormalities.!° The 
WHO Heart Disease Prevention Project used 
the self-administered Rose questionnaire and 
found that all five countries had lower values of 
Rose angina than Scotland and all but Poland 
had lower levels of possible infarction; Q/QS 
changes and ischaemia patterns were less com- 
mon in all countries than in Scotland.” 
However, six lead electrocardiograms were 
used in the WHO project and the participants 
were employed men. The prevalence findings 
of the British Regional Heart Study” resemble 
ours though the method was slightly different. 
More recently the Caerphilly and Speedwell 
surveys showed Rose angina and evidence of 
ischaemia on the electrocardiogram in similar 
proportions to those reported here but a much 
higher frequency of Q/QS changes (3-5~—3:9%) 
(Minnesota 1.1—2).'? Few studies, apart from 
the Copenhagen study, report findings for 
women. The Scottish Heart Health Study 
findings are very similar to the Mid-Span 
findings? for electrocardiographic abnor- 
malities, and the results for Rose angina and a 
Q/QS pattern were similar to a recent Scottish 
study.”) 

The interrelations between the measures of 
prevalence used are valuable in validating each 
of the three methods. The previous history of 
angina, Rose angina, and electrocardiographic 
evidence of ischaemia were all closely inter- 
related. The Q/QS pattern showed no sig- 
nificant correlation with other measures prob- 


ably because the number of individuals was 


small; however, there was a weak relation 
between the Q/QS pattern and a past history of 
an infarction in both men and women. 

The positive correlations between district 
measures of mortality and many of the 
measures of disease prevalence validate the 
geographical variation in coronary disease 
within Scotland. These correlations are based 
on 22 districts with only two to three hundred 
subjects in each sex per district, which because 
of the low prevalence for certain presentations 
will tend to dilute the correlation. In general, 
the Rose chest pain measures of morbidity 
related best to mortality and the relation was 
stronger in women than in men despite the 
lower specificity of angina for coronary heart 
disease in women. None of the electrocardio- 
graphic measures of prevalence were related to 
morbidity and only possible infarction repor- 
ted in the Rose questionnaire in women, of all 
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the measures of infarction, correlated with 
mortality. This may be because of geographical 
variation in the pattern of sudden cardiac 
death. The Scottish Heart Health Study 
presented detailed information on the extent 
and geographical variation of risk factors for 
coronary heart disease.” ” The present paper 
provided data on the prevalence of coronary 
heart disease in both men and women which 
will be valuable for the planning of cardio- 
logical services. 
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‘Transient myocardial ischaemia after acute 


myocardial infarction 


Peter Currie, Stephen Saltissi 


Abstract 

The prevalence and characteristics of 
transient myocardial ischaemia were 
studied in 203 patients with recent acute 
myocardial infarction by both early (6'4 
days) and late (38 days) ambulatory 
monitoring of the ST segment. Transient 
ST segment depression was much com- 
moner during late (32% patients) than 
early (14%) monitoring. Most transient 
ischaemia (>85% episodes) was silent 
and 80% of patients had only silent 
episodes. During late monitoring painful 
ST depression was accompanied by 
greater ST depression and tended to 
occur at a higher heart rate. Late tran- 
sient ischaemia showed a diurnal dis- 
tribution, occurred at a higher initial 
heart rate, and was more often accom- 
panied by a further increase in heart 
rate than early ischaemia. 

Thus in the first 2 months after 
myocardial infarction transient 
ischaemia became increasingly common 
and more closely associated with 
increased myocardial oxygen demand. 
Because transient ischaemic episodes 
during early and late ambulatory moni- 
toring have. dissimilar characteristics 
they may also have different patho- 
physiologies and prognostic implica- 
tions. 


Current evidence suggests that important 
coronary artery disease frequently remains 
silent until the onset of a severe morbid clini- 
cal event. Thus myocardial infarction is often 
not preceded by angina! and more than 50% 
of patients resuscitated from out of hospital 
ventricular fibrillation deny previous cardiac 
symptoms despite angiographically demon- 
strated clinically significant coronary artery 
stenoses.” Recent attempts to identify and 
assess coronary disease have therefore focused 
on ways of detecting silent myocardial 
ischaemia as well as symptomatic episodes. 
Ambulatory ST segment monitoring is 
increasingly being used for this purpose 
because it is now widely accepted that any 
transient ST segment depression recorded 
reflects true myocardial ischaemia in patients 
with proven coronary artery disease.*” 

Much is currently known about the 
frequency, characteristics, and significance of 
silent |§ myocardial ischaemia during 
ambulatory monitoring in patients with both 
stable® and unstable angina’ but there is little 


information on patients with acute myocardial 
infarction. We therefore performed repeated 
ambulatory monitoring in 203 patients with 
recent acute myocardial infarction and we 
report the frequency and characteristics of 
transient myocardial ischaemia in this popula- 
tion. 


Patients and methods 
All patients admitted to the Royal Liverpool 
Hospital (September 1987 to December 1988) 
with definite acute myocardial infarction® 
were considered eligible for the study unless 
they were in Killip class D, had significant 
valve disease, left ventricular hypertrophy, 
electrocardiographic conduction defects, other 
serious diseases, or were currently taking 
digitalis. Of 358 patients screened 14 refused 
consent, 24 died shortly after admission, and 
eight patients had been recruited previously. 
A further 109 patients were excluded because 
of the criteria listed above. We therefore per- 
formed ambulatory monitoring in 203 patients 
(152 men and 51 women, mean age 58 years 
(range 34~76)) with myocardial infarction. 
The infarct was anterior/lateral in 93 (46%) 
patients, inferior/posterior in 110 (54%), non- 
Q wave in 47 (23%), and 36 patients (18%) 
were treated by thrombolysis. Forty six 
patients (23%) had a previous myocardial 
infarction, 74 (36%) had at least a 1 month 
history of angina pectoris, 23 (11%) were 
diabetic, and 114 (56%) were current 
smokers. 


AMBULATORY ST SEGMENT MONITORING 

Single channel ST segment monitoring was 
performed with the Oxford Medilog 4000-IT. 
Previous studies’ including those in our 
laboratory (unpublished) showed that this real 
time ambulatory monitoring equipment relia- 
bly measured ST segment shift both at rest 
and on exercise. The single modified V5 lead 
(CM5) predominantly used in this study was 
highly sensitive for detecting exercise induced 
myocardial ischaemia and only rarely did a 
second simultaneous inferior lead detect the 
maximum ST change.!?"! 

Ambulatory recordings were made both 
early (before discharge) and late (4-8 weeks 
after admission). Recording periods were 
limited to 24 hours because longer periods— 
for example 48 hours—are more impractical 
and expensive and we found only occasionally 
detected ischaemia not apparent on a 24 hour 
recording. Pre-gelled electrodes (Deva 
Medical) were applied and skin impedence 
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Table 1 Procedural details of ambulatory ST segment momtoring after myocardial 


infarction 


Ambulatory momtoring 
Early Lats 
Details (6 4 days) (%) (38 days) (%) p 
Total patients 201 177 
Lead position 
Modified V5 185 (92) 150 (85) 
Modified V6 7 (3) 12 (7) 
CC5 4 (2) 5 te? 
Others 5 (2) 10 (6) 
Recording ECG lead 
Q wave present 31 (15) 15 (8) <0 04 
Beseline ST elevation 38 (19) 8 D <0 00I 
Baseline ST depression 44 (22) 19 (11) <0 004 
Drug treatment taken during monitonng 
Blocker 71 (35) 28 (16) <0 001 
itrate 4] (20) 33 (19) 
Calcrum antagonist 19 (9) 17 o 
At least one drug 102 (51) 63 (36) <0 004 


was checked (Oxford Medical Systems XI-1) 
to ensure a reading of less than 5 kQ. Before 
each recording, patients adopted the supine, 
right lateral, prone, left lateral, and standing 
positions and underwent a period of 
hyperventilation (each manoeuvre for 30 
seconds). ST segment shift with posture was 
taken into account in the analysis (see below). 

Patients were given a diary to record the 
times of onset and finish of symptoms and 
daily activities and were interviewed after 
monitoring to ensure that all symptoms had 
been recorded and any discrepancies in the 
diaries were corrected. 


ST SEGMENT ANALYSIS 

The magnetic tapes (TDK AD60 cassettes) 
were replayed (Oxford 4500 system) to 
produce a report of the ST segment and heart 
rate trends. The ST level while the patient 
was supine was usually chosen as the baseline; 
however, if there was >  —05 mm 
(—0-05 mV) additional ST depression from 
the supine level during any postural man- 
oeuvre then the maximum ST depression 
during such manoeuvres was used as the 
baseline. Episodes of ST depression were 
identified on the ST trend and validated by 
examining, with X8 magnifying lens and a 
0-1 mm graticule, electrocardiogram strips 
printed at each point of interest. Transient 
myocardial ischaemia was defined as >30s of 
at least —1-0mm planar/downsloping ST 
depression, measured at 80 ms after the J 
point.” If there was baseline ST depression of 


Table 2 Prevalence and characteristics of transient ST depression 


crease 
HR at STD onset (mean (SD)) 
Proportion silent STD 
Symptoms in patients with STD 
All STD episodes silent 
STD sometimes symptomatic 
STD always with angina 


Ambulatory momtoring 
Barly Late 
n(%). n (%) p 
29/201 (14) 56/177 (32) <0 001 
1102 2731 
107 280 
40/107 (37) 211/280 (75) <0 001 
82 (15) 99 (20 <0 001 
91/107 (85) 264/280 (94) 
24/29 Ss 48/56 (86) 
3/29 (10 5/56 (9) 
2/29 (7) 3/56 (5) 


HR, heart rate (beats/min); STD, transient ST segment depression. 
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> —0-5mm, then further (—-1-0 mm) ST 
depression had to be present before ischaemia 
was diagnosed. Episodes of ST depression 
were considered to be separate if the ST shift 
was absent for at least 3 consecutive minutes. 
ST segment elevation was not used in this 
analysis to diagnose transient ischaemia 
because the diagnostic specificity of this 
change on ambulatory monitoring has not 
been well established. 

The presence or absence of a significant 
increase in heart rate (arbitrarily chosen as 
>10 beats/min and resembling the figure set 
by other workers’) above the adjacent baseline 
in association with each episode of ST depres- 
sion was determined by examining the com- 
puter derived heart rate trend. The heart rate 
at the onset of significant ST depression and 
the time of onset, associated symptoms, and 
daily activities. during such episode were 
noted. Daily activities were classified as men- 
tal (for example, reading or watching tele- 
vision), physical (for example walking, wash- 
ing, dressing, housework), exertional (for 
example shopping and climbing stairs or 
hills), resting, and sleep. 


STATISTICAL ANALYSIS 

We compared differences in prevalence of 
early and late ST depression and episodes of 
myocardial ischaemia associated with 
increased heart rate by a y* test. We used the 
standard error of the difference between the 
two means to compare the heart rates at the 
onset of early and late ST depression and the 
Wilcoxon rank sum test to compare the 
characteristics of silent and symptomatic 
ischaemic episodes. 

Early and late ambulatory monitoring 
periods were compared directly in a subgroup 
of patients who were taking identical medica- 
tion during both recordings. The diurnal pat- 
tern of ischaemia was analysed in patients 
taking no antianginal drugs during 
ambulatory monitoring. 


ETHICAL CONSIDERATIONS 

The study was approved by the local ethics 
committee and all patients gave informed con- 
sent. 


Results 

BACKGROUND INFORMATION 

Early ambulatory monitoring (mean 6:4 days, 
range 3-15) was performed in 201 patients 
(99%) and late recordings (38 days, range 22— 
93) were obtained in 177 patients (87%). 
Recording lasted a mean (SD) of 23-1 (2-6) and 
23:5 (1:0) hours/patient respectively. Table 1 
gives further details. Q waves or baseline ST 
segment deviation in the recording lead and 
concurrent $ blockade were commoner during 
early monitoring. 


TRANSIENT MYOCARDIAL ISCHAEMIA 

While transient ST depression developed on 
late ambulatory monitoring in one third of 
patients, only one in seven had such changes on 
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Figure1 (A) Diurnal 
variation of early 
transient myocardial 
ischaemic episodes 
(—A-—) m 
patients (n = 201) 
undergoing ambulatory 
montoring 6 4 days after 
acute myocardial 
infarction compared with 
episodes in patients 
(n = 99) taking no 
antangt 3 
(—A—). (B) Diurnal 
variation of late transient 
ischaemia (—@-—) in 
patients (n = 177) 

omg ambulato 
momtoring 38 days ahh 
myocardial infarction 
compared with episodes in 
patients {n = 114) taking 
no anti drugs 
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early (pre-discharge) monitoring (table 2). 
Later episodes occurred at a higher (+ 25%) 
heart rate at onset and were much more com- 
monly associated with periods of increased 
heart rate (> 10 beats/min increase) than éarly 
ST depression. These differences between 
early and late ischaemic episodes were also 
apparent in a subgroup (101 patients) taking 
identical antianginal drugs during both their 
early and late ambulatory monitoring (see 
later). i 

The pattern of late transient ischaemia 
showed diurnal variation with ST depression 
predominating during the waking hours while 
the pattern of early transient ischaemia was 
more random—though early episodes seemed 
to be more common in the late afternoon and 
evening (fig 1). Early transient myocardial 
ischaemia showed little diurnal change in dis- 
tribution in 99 patients who were not-taking 


antianginal drugs during early monitoring 


(fig 1). 
Transient ischaemia was overwhelmingly 


: |: asymptomatic (table 2). In fact, >80% of 


patients with either early or late ST depression 
showed only silent episodes; a further 10% of 


‘patients had both silent and symptomatic 


Table3 Daily activities during eprsodes of transient 


myocardial ischaerma 

Ambulatory momtoring 

Early Late 
Actrinty n(%) n(%) 
Period of rest 47 (52) 71 (27) 
Walking 13 (14) 54 (21) 
Low-level physical activity 5 (6) 52 ne 
Mental activity 12 (13) 42 (16) 
Sleeping 11 (12) 31 (12) 
Exertion 2 (2) 13 (5) 
Total episodes 90* 263* 


*The associated activity was unknown in 17 carly and 17 late 
episodes of ST depression. 
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episodes and the remaining 10% experienced 
angina during all episodes of ST depression. 
The presence of absence of symptoms had no 
effect on the characteristics of early ST depres- 
sion but during late monitoring symptomatic 
ST depression was greater (p < 0:0001) than 
the silent change in the ST segment (—1-8 
(0-14) v —1-3 (0-02) mm, mean (SEM)) and 
tended to occur at a higher heart rate (105-8 
(6:9) v 98-1 (1:2) beats/min, p = 0-13). The 
duration of symptomatic and silent ST depres- 
sion did not differ significantly (11-5 (4 8) v 9-7 
(0-9) min, p = 0:6). 

During early monitoring most (64%) 
episodes of ST depression occurred at rest or 
during sleep, 33% during low level physical or 
mental activities, and only 2% during exertion 
(table 3). During later recordings, however, 
most (57%) of ST change occurred at times of 
low level physical or mental daily activity, 39% 
at rest or in sleep, and very little (5%) was 
related to exertion (table 3). 

The maximum ST depression detected dur- 
ing episodes of early or late transient ischaemia 
(fig 2) was rarely more than —2:0 mm; 
however, a small number of episodes of ST 
change greater than —3-0 mm were recorded. 
Most episodes of ST depression detected on 
early or late monitoring lasted less than 10 
minutes (81/107 episodes (76%) and 200/280 
(71%) respectively) ‘but 2-3% of episodes 
lasted >1 hour (maximum duration 107-5 
minutes during early monitoring and 134 min- 
utes during late monitoring). 


EFFECT OF DRUG TREATMENT ON TRANSIENT 
ISCHAEMIA 
We identified a subgroup of 101 patients who 
were on identical treatment during both their 
early and late ambulatory recordings (table 4). 
Two thirds (67%) of these patients were not 
taking antianginal drugs, 25% were on single 
agents, and 9% were taking a combination of 
treatments during the two recording periods. 
The characteristics of transient ischaemia in 
this subgroup resembled those of the study 
population as.a whole—ST depression was 
more frequent during late recordings than 
during early recordings, there were signifi- 
cantly more episodes of ST depression related 
tó an increase in heart rate during late monitor- 
ing than during early monitoring, and the mean 
heart rate at the onset of ST depression during 
late monitoring was also greater (table 4). 
Furthermore, in this drug matched group, 
only 6 of the 12 patients with early ST depres- 
sion developed any ST changes during late 
monitoring while 27 (82%) of the 33 patients 
with late ST segment depression did not show 
any ST shift during early monitoring. | ` 
The diurnal pattern of transient ischaemia 
was also examined in those patients not taking 
antianginal drugs during ambulatory monitor- 
ing (99 patients during early monitoring and 
114 during late monitoring). Early and late 
monitoring in these subgroups detected 49 and 
204 ischaemic episodes respectively. The diur- 
nal distributions of these ischaemic episodes, 
uninfluenced by drug treatment, were similar 
to that of the whole study population (fig 1). 
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Figure2 (A) Maximum 
ST depresston 
(1mm = 01 mV) during 
episodes of early transient 
myocardial ischaemia tn 
patients (n = 201) 

omg ory 
monitoring 6 4 days after 
myocardial infarction. 
(B) Maximum ST 
depresston during transient 
ischaemia detected in 
patients (n = 177) 
undergoing ambulatory 
monitoring 38 days after 
myocardial infarction. ` 
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The relatively small number (49) of episodes of 
ST depression during early monitoring means 
that interpretation of the data remains uncer- 
tain. 

Seventy one patients were taking f blockers 
during early ambulatory monitoring; in six late 
monitoring was not performed and 48 stopped 
taking the drug during late monitoring. In this 
latter group transient ST depression was com- 
moner (p < 0-04) during late monitoring than 
during early monitoring (16/48 patients (33%) 
v 7/48 (15%)). In 17/71 patients who were 
taking $ blockers during both recordings tran- 
sient ST depression was equally common early 
and late (three and two patients). 


INFLUENCE OF INFARCT CATEGORY, 
THROMBOLYTIC TREATMENT, AND DIABETES 
MELLITUS 

The prevalence of transient myocardial 
ischaemia during both early and late monitor- 
ing was independent of infarct site or the 
presence of Q waves and was not increased in 
diabetic patients or in patients treated by 
thrombolysis. 


Table 4 Ambulatory ST segment monitoring in patients taking identical treatments 


during early and late recordings 
Ambulatory monitoring 
Early Late 
Details n (%) n (%) p 
Total patients 10} 101 
Treatment during monitoring: 
Single drug 25 25 ¢ 
Blocker 10 (10) 10 (10 
trate 13 (13) 13 (13) 
Caicium antagonist 2 (2) 2 o 
Combined drug treatment 9 (9) 9(9 
Two drugs 8 (8) 8 (8) 
Three 12) 1¢1) 
No drug treatment 67 (67) 67 (67) 
Patients with STD 12/101 (12) 33/101 (33) 0001 
Duration of STD (min) 434 1639 
Total STD episodes 40 161 
Proportion of stent STD 33/40 (83) 155/161 (96) 0 005 
with HR increase 17/40 (43) 108/161 (67) 0 005 
HR at STD onset (mean (SD)) 85 (13) 100 (21) 0 001 


HR, heart rate m beats/min; STD, transient ST depression. 
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Discussion 

Silent myocardial ischaemia can cause ven- 
tricular arrhythmias,’ sudden death,? or 
myocardial infarction’ and may lead to 
cumulative impairment of left ventricular func- 
tion.” 

Recently the prevalence of silent ischaemia 
has been studied by ambulatory monitoring in 
various subgroups with coronary disease®**"; 
patients with recent acute myocardial infarc- 
tion, however, have received little attention. 
Bigger et al detected ischaemic ST segment 
changes in 28% of 50 patients during 
ambulatory monitoring at 3 months after 
myocardial infarction; surprisingly, none of 
these episodes was symptomatic. During pre- 
discharge ambulatory monitoring in 103 
patients with myocardial infarction Gottlieb et 
al also detected ischaemic ST segment changes 
in 30 patients (29% )}—mostly silent—and this 
group experienced a threefold increase in mor- 
tality at one year.’ The study patients were a 
highly selected population, however, in whom 
left ventricular ejection fraction was <40%. 

In the largely unselected group of patients in 
this study transient ST depression was present 
during both early and late ambulatory monitor- 
ing-——though it was considerably more frequent 
later (33% v 12%). This difference probably 
largely reflects greater patient activity and 
hence greater myocardial oxygen demand dur- 
ing the later phase of recovery from myocardial 
infarction; and indeed many episodes (46%) of 
ST depression during late recordings were 
associated with some degree of physical activity 
whereas on the predischarge tapes 77% of such 
episodes occurred without any accompanying 
physical exertion. Some of the difference may, 
however, be artefactual in that the high 
prevalence of pre-existing and unresolved 
baseline ST shift (either elevation or depres- 
sion) in the monitoring lead during early recor- 
dings (table 1) may have masked further sig- 
nificant ST depression. The timing of 
ambulatory monitoring after myocardial 
infarction may therefore be crucial. If the 
recording is made too early, the sensitivity of 
the test may be poor but if the detection of 
silent ischaemia after myocardial infarction is 
to be of prognostic value and to have a bene- 
ficial influence on treatment then monitoring 
cannot be delayed too long, because a high 
proportion of cardiac events occur in the early 
weeks after infarction.” Nearly all (90%) tran- 
sient ischaemic episodes detected both in this 
study and in that of Bigger et al '* were silent 
and indeed in 80% of patients showing ST 
depression all episodes were symptomless. 
Thus a greater proportion of ischaemic 
episodes are silent in patients shortly after 
myocardial infarction than in other subgroups 
with coronary artery disease. Although silent 
and painful episodes were similar in many 
respects, painful episodes were associated with 
a significantly greater degree of ST depression 
on recordings at 4-8 weeks after infarction. 

We found a distinct pattern of diurnal varia- 
tion in the incidence of transient ischaemia late 
after myocardial infarction which resembled 
that seen by others,°" with most episodes 
occurring in the morning. This circadian cycle 
is likely to be related both to the known 
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variation of plasma catecholamines” with 
corresponding changes in vasomotor tone” and 
the variation of heart rate and blood pressure” 
with accompanying increases in myocardial 
oxygen demand. 

Interestingly ST depression on early moni- 
toring showed little circadian variation (fig 1). 
The explanation of this feature is not clear but 
it may reflect an equalisation of myocardial 
oxygen demand during convalescence in 
hospital or possibly a loss early after infarction 
of diurnal variation in substances affecting 
coronary supply. Increased prescription of f 
blockers during early ambulatory monitoring 
may be partly responsible because others have 
shown a similar circadian distribution (with a 
tendency to afternoon and evening ischaemia) 
in patients with angina on drug treatment.” 
Even so, during early monitoring we did not see 
a morning predominance of early transient 
ischaemia even in patients who were not taking 


In this study very few ischaemic episodes 
occurred during physical exertions that were 
vigorous enough to increase myocardial oxygen 
demand and cause ischaemia. This suggests 
that coexisting changes in coronary arterial 
supply may be having an effect. Perhaps at 
times of high coronary tone—for example in 
the mornings, even small increases in myocar- 
dial oxygen demand may cause ischaemia 
whereas the same increase in demand when 
coronary tone is lower may produce no 
ischaemia. The incidence of ischaemia as well 
as its temporal distribution may thus depend 
on the interplay between factors affecting both 
myocardial oxygen supply and demand. 
Furthermore, since early transient ST depres- 
sion occurred at a lower heart rate and with less 
frequent increase in heart rate than that on later 
recordings (table 4), a reduced coronary supply 
early after myocardial infarction may be of 
greater pathophysiological importance than 
late changes. 

The reduced occurrence of transient ST 
depression in patients in whom treatment with 
B blockers continued during late ambulatory 
monitoring suggests that increased myocardial 
oxygen demand may be important in the patho- 
physiology of late transient myocardial 
ischaemia and offers a possible explanation for 
the known benefits of 8 blockers after myocar- 
dial infarction—abolition of silent transient 
ischaemia. 

What was the effect of concurrent drug 
treatment on the prevalence and characteristics 
of ST segment change? More patients were 
taking antianginal medication (especially f 
blockers) on early monitoring. None the less, 
the frequency and characteristics of early and 
late transient ischaemia in a subgroup taking 
identical treatment during both recordings 
(table 4) were similar to those of the population 
as a whole, and the overall diurnal pattern of 
ischaemia (fig 1) resembled that seen in patients 
not having drug treatment; but the number of 
patients studied was too small for a definite 
conclusion to be reached. 

Our study showed that predominantly silent 
transient ischaemia was detected by 
ambulatory ST segment monitoring in a high 
’ proportion of patients shortly after acute 


303 


myocardial infarction and defined its charac- 
teristics. The relation of this transient 
ischaemia to exercise induced ischaemia, left 
ventricular function, ventricular arrhythmias, 
and prognosis is being studied further. 
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Relation between intraventricular pressure and 


volume in diastole 


AL Yettram, B S Grewal, D G Gibson, J R Dawson 


Abstract 

The pressure-volume curves for 10 
patients with various types of heart dis- 
ease were studied throughout mid to late 
diastole when both pressure and volume 
were increasing. The results were used to 
test a currently held theory that the 
form of this relation is exponential. It 
was found that for the patients examined 
this hypothesis was not valid. 


It is widely believed that the left ventricular 
cavity becomes stiffer in diastole in disease. 
This reduced compliance is said to modify the 
filling pattern,’ raise end diastolic pressure,’ 
and thus limit exercise tolerance. Left ven- 
tricular compliance is measured as the rate of 
change of volume with pressure during the 
passive phase of diastole and varies through- 
out the filling period.’ 

It has been assumed for many years that the 
pressure-volume curve itself is exponential 
and that a rate constant can be calculated.* In 
our experience, however, the ventricular pres- 
sure-volume curve in patients with left ven- 
tricular disease can depart considerably from 
any simple or uniform analytical relation. To 
test the hypothesis that during passive filling 
the left ventricular pressure-volume relation 
can be represented without major error by an 
exponential we therefore examined this rela- 
tion in detail with the most satisfactory meth- 
ods currently available for clinical use. 


Patients and methods 

METHODS 

We studied 10 patients, two of them on two 
separate occasions. The table gives their diag- 
noses. In all cases cardiac catheterisation was 
required because of standard clinical indica- 


Accepted for publication 3 
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Details of patients studied 
Patient Diagnosis Sex Age 
1 Congestive cardiomyopathy F 60 
2 Mald mitral stenosis with regurgitation M 27 
3 Coronary artery disease M 60 
4 Coronary artery disease with left ventricular dysfunction M 46 
5 Coronary artery disease M 55 
6 Coronary artery disease M 45 
7 Coronary artery disease M 70 
8(a) Coronary artery disease M 47 
8(b) Coronary artery disease with induced angina M 47 
Xa) Coronary artery disease M 57 
Xb) Coronary artery disease with induced angina M 57 
10 Aortic valve dysfunction with LV hypertrophy F 68 


Biplane cineangiograms were performed 
during held mid-inspiration (60° left and 30° 
right anterior oblique projections) at a frame 
rate of 50/s with 50 ml of Urografin 370 at a 
flow rate of 12 ml/s injected into the ventricle. 
The left ventriculograms were calibrated by 
displacing the catheter table by 10 cm. 

Ventricular pressure was measured by a 
Gaeltec tip micromanometer mounted on the 
angiographic catheter with atmospheric pres- 
sure as zero. The micromanometer was 
immersed in saline for 20 minutes before use 
to minimise zero drift, which was found to 
have been less than 2 mm Hg by the end of 
the study for all patients. The transducer was 
calibrated in situ against peak systolic and 
minimum diastolic pressure recorded through 
the angiographic lumen. Pressures were recor- 
ded photographically at a paper speed of 0-1 
m/s with a simultaneous electrocardiogram. 


ANALYSIS OF DATA 
The beats we analysed occurred within the 
first five after the start of contrast injection, 
when the haemodynamic effects of the agent 
itself are negligible, and were not extrasystolic 
or postextrasystolic. The onset of the QRS 
complex of the electrocardiogram was used to 
gate a light emitting diode and thus identify 
its timing on the cine film. The cinean- 
giograms were digitised in both planes frame 
by frame’ throughout the cycle being studied. 
The timing of mitral opening was taken as the 
first appearance of unopacified blood through 
the mitral valve at the start of diastole. This 
was best identified on the right anterior 
oblique projection. Cavity volume was 
derived for each pair of right anterior oblique 
and left anterior oblique frames by computer 
reconstruction of the cavity.° The two frames 
were aligned at the apical point, taken as the 
point furthest from the mid-point of the aortic 
root on each. The right anterior oblique view 
was then sliced at 50 levels perpendicular to 
the mid-~aortic to apical line, thus providing 
100 points to define the outline of the cavity. 
‘These points were then projected across to the 
left anterior oblique view and the intersections 
with its periphery were recorded. We used 
computer aided surface fitting techniques to 
reconstruct the three dimensional cavity shape 
and measure its enclosed volume. This 
method has previously been validated directly 
against plaster casts of left® and right’ ventri- 
cles. Figure 1 shows some of the ventricular 
cavity shapes for patients in this study. 

The period of passive left ventricular filling 
was taken as starting at the time when pres- 
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Figure 1 Typical computer arded reconstructions of the left ventricular chamber for six of the patients studied. 


sure and volume started to increase simultan- 
eously at the end of rapid filling. We chose 
this as a practical definition and cannot 
exclude the possibility of some residual ten- 
sion for a short time afterwards. This con- 
trasts with the period of rapid filling when 
pressure falls as volume increases. The end of 
passive diastole was identified as the onset of 
the sudden increase in filling rate associated 
with left atrial systole. This procedure 
required analysis of 5—11 frames per patient. 
From this information we examined the 
relation between pressure and volume by 
regression analysis, using linear (P against V) 
and semilogarithmic (In P against V) plots. 
For each we calculated the correlation 
coefficient, the slope and intercepts along with 
their standard errors, and the standard error 
of the estimate. We took atmospheric pressure 
as zero in the semilogarithmic analysis. In line 
with current reported practice we did not 
investigate the effect of allowing the assumed 
zero value for pressure measurement to vary 
in order to improve agreement. We also 
examined the plot of pressure against dP/dV 
(the ventricular or cavity stiffmess). If the 
relation between pressure and volume is 
exponential there should be a simple linear 
relation between pressure and dP/dV, with 
both increasing as filling proceeds. We studied 
the nature of the relation in individual 
patients, with particular reference to its form. 
We noted whether dP/dV increased uniformly 
throughout passive filling or whether it 


showed points of inflection, remaining con- 
stant or even falling as pressure rose. 


Results 

PRESSURE-VOLUME RELATIONS 

Figure 2 shows the pressure-volume curves 
during passive filling for individual patients. 
Their shape varies greatly. Approximately 
half the patients showed some increase in 
slope towards the end of passive diastole but 
this was by no means uniform. 


REGRESSION ANALYIS 

Correlation coefficients for linear analysis of 
pressure against volume varied between 0-89 
and 0:98. For semilogarithmic analysis they 
varied between 0-83 and 0 99. There was no 
significant difference between values derived 
from the two approaches when individual 
values were compared. The standard error of 
estimated volume derived from pressure 
meaurements was 3°7 (1-9) mm Hg when 
logarithmic analysis was used and 4-0 (1-6) 
mm Hg with linear analysis. Again there was 
no significant difference between these values. 


PRESSURE-CAVITY STIFFNESS RELATION 

Figure 3 shows curves from individual 
patients. A progressive increase in cavity stiff- 
ness (not necessarily linear) with pressure was 
seen in only four. In the remainder the curve 
was sigmoid with stiffness falling rather than 
rising for at least part of the period of pressure 
rise. 
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Figure 2. Porttons of 
pressure-volume curves for 
all 12 studies. Pressure 
and volume were both 
rising in diastole. 
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Figure 3 Plots of dP/dV against P for each patient. 


Discussion 

The stiffmess of the left ventricular cavity 
during the passive phase of diastole is 
estimated from its pressure-volume relations. 
The curve of pressure against volume is often 
not linear, with the slope increasing towards 
end diastole. It has therefore become 
traditional, since the original studies of Noble 
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et al,‘ to use an exponential analysis and plot 
the logarithm of pressure against volume. 
This approach has affected the way in which 
diastolic function is understood. Unlike other 
mathematical functions exponential analysis 
allows a rate constant to be calculated; in the 
present context it is usually referred to as a 
stiffness constant and used by some to express 
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ventricular stiffness itself. Departures of the 
curve from the assumed exporential have 
been taken as evidence that some additional 
mechanism is influencing pressure-volume 
relations; the presence and even the mag- 
nitudes of viscous forces have been calculated 
on this basis by Eichhorn et al.® 

We undertook the present study because we 
were impressed by how often the pressure- 
volume relations in patients with left ven- 
tricular disease departed from any simple or 
uniform relation. We deliberately excluded 
the rapid filling period and also atrial systole 
from consideration, when other mechanisms 
might have been acting and when viscous 
effects could be invoked. The methods we 
used were the most satisfactory available clin- 
ically and our approach to volume estimation, 
in particular, was not subject to limitations 
imposed by single plane angiography or 
assumed geometry. In common with virtually 
all other studies, we measured ventricular 
pressure at only one site within the ventricle, a 
questionable procedure if intraventricular 
pressure differences develop within the cavity. 
Such differences would be expected at times 
of rapid filling and indeed have been 
documented. During the passive phase of 
diastole, however, the filling rate is slow, and 
there is no theoretical or experimental reason 
to believe that they are present. Our results 
clearly showed that the relation between pres- 
sure and cavity stiffness departed very sig- 
nificantly from the assumed exponential. Even 
the undemanding criterion that ventricular 
stiffness should increase, not necessarily lin- 
early, with pressure was met in only one third 
of the patients. In eight, calculated cavity 
stiffness actually fell with increasing pressure 
over part of the period being examined. We 
conclude that critical examination in patients 
with left ventricular disease showed that this 
exponential analysis was of very limited value. 

Influences external to the left ventricle may 
have distorted our results, thus causing the 
underlying exponential to be obscured. It has 
been suggested that measured cavity stiffness 
might be modified by pericardial restraint.’ 
While this undoubtedly occurs in a few patients 
after open heart surgery,” we do not feel that it 
was important in our patients. Pericardial res- 
traint is an end diastolic phenomenon, occur- 
ring only late in ventricular filling. It would 
therefore appear as a sudden increase in cal- 
culated stiffness. We found no evidence of this: 
indeed in six of our patients stiffness was 
actually falling in the cine frames before the 
onset of atrial systole. In addition, all our 
patients showed a further volume increase with 
atrial contraction that would be out of the 
question if the ventricle were restrained by a 
structure as unyielding as the pericardium. 
Right ventricular disease has also been invoked 
as a possible mechanism influencing left ven- 
tricular pressure-volume relations. Again, we 
consider this to have been unlikely in our 
patients most of whom had dominantly left 
ventricular disease. The influence of the right 
ventricle is mediated largely through the 
pericardium"; any more direct action is 


307 


associated with distortion of the left ventricle 
which was not present. We may have been 
incorrect to take atmospheric as the zero for 
pressure measurement, though this has been 
assumed in all previous studies. During 
isovolumic relaxation, however, the observed 
time course of the declining pressure can be 
made to agree more closely with an assumed 
exponential if the asymptote as well as the time 
constant is allowed to vary. In normal 
subjects the effective zero for pressure 
measurement during this period has been 
found to be large and negative, often as much as 
50-60 mm Hg below atmospheric. We do not. 
think that manipulating asymptotes in this way 
would have improved agreement during the 
passive phase of diastole. The only way in 
which it could have done so in the patients in 
whom stiffness was declining towards end 
diastole was for the effective zero to have 
actually risen above the value actually 
measured in the ventricle, a suggestion not 
worthy of being considered further. 

It does, however, bring to light a possible 
paradox. How can'the large negative asymptote 
during isovolumic relaxation suggested by 
exponential analysis be reconciled with the 
assumed atmospheric one during filling? Is one 
or other incorrect or has there been a change? If 
the latter is true, what is the time course of this 
change and how does it affect predictions about 
“incomplete relaxation’? that depend on 
extrapolation of the exponential curve derived 
during isovolumic relaxation into the period of 
filling?” Clearly there are major inconsistencies 
between the two sets of results that in our 
opinion merely underline the unsatisfactory 
nature of both. 

Our results emphasise the complex nature of 
diastolic left ventricular pressure-volume rela- 
tions. Even if the isolated left ventricular 
pressure-volume curve is exponential when 
heart function is normal there is every reason to 
suppose that it departs from this in the intact 
patient with disease. Ventricular involvement 
is frequently non-uniform, particularly in 
coronary artery disease, whereas hypertrophy 
leads to major structural abnormalities. Even in 
the normal heart the structure of the myocar- 
dium 1s very highly organised with fibre angle 
varying across the wall and in different regions 
of the ventricle. Changes in transverse 
dimension are mediated more by myocardial 
thickening or thinning than by changes in fibre 
length.” 

We are dealing with a thick-walled pressure 
vessel with a complex wall structure that is 
highly orthotropic in nature. The rate of 
volume change with pressure will depend not 
only on the geometry but also on the stiffness of 
the material of the myocardium. This material 
stiffness itself may not be constant but could 
well vary with time and thus with volume, 
possibly in some non-linear way. With this in 
mind it is not surprising that the pressure- 
volume relation in diastole does not follow a 
simple exponential law. Relaxation may even 
persist, to some degree, beyond the period of 
rapid filling into the period that we have 
considered. Indeed we found that myocardial 


stiffness did vary during passive filling and our 
findings in this respect will be described in a 
future paper. Thus the diversity of passive 
diastolic relations seen in a small number of 
patients with heart disease is not surprising. 
We suggest that this diversity be accepted and 
if possible analysed rather than effectively 
suppressed by procrustean assumptions. 
Exponential analysis has not contributed 
significantly to an understanding of left 


ventricular diastolic behaviour and we suggest 


that it be abandoned. 
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The limited potential of special ambulance 
services in the management of cardiac arrest 


J M Rowley, C Garner, J R Hampton 


Abstract 

For six months a survey was made of all 
the patients in the Nottingham District 
Health Authority who died or who were 
brought to hospital after a cardiac arrest 
outside hospital. During this period just 
under half of the emergency ambulance 
shifts were covered by specially trained 
crews with defibrillators. During the 
study period the ICD coding of death 
certificates indicated that 894 (25%) of 
the 3575 deaths were due to ischaemic 
heart disease. During this period the 
ambulance service received 17 749 emer- 
gency calls, which included 445 patients 
who had cardiac arrests outside hospital. 
One hundred and forty seven of these 
patients were carried by ambulances 
equipped with defibrillators and resus- 
citation was attempted in 83. Seven 
patients survived to leave hospital. 

The special ambulance service was 
cost effective—a simple calculation sug- 
gests that the cost per life saved was 
approximately £2600, but it seems 
unlikely that special ambulance services 
will materially affect community fatality 
rates from ischaemic heart disease. 


Special ambulance services for the transport 
and treatment’of patients with a cardiac arrest 
have been in operation in the United King- 
dom for more than twenty years. Different 
approaches have been used!“ but widespread 
acceptance of the need to extend the skills of 
ambulance personnel has not been accompan- 
ied by equally widespread attempts to inves- 
tigate either the effectiveness of ambulance 
personnel with advanced training or the 
overall potential benefit to the community. 
The benefit to an individual who is success- 
fully resuscitated from cardiac arrest is 
obvious’ and perhaps because of this it has 
been suggested that community mortality 
from ischaemic heart disease may be sig- 
nificantly reduced by the introduction of 
resuscitation by paramedical services.° 

In 1983 the Nottinghamshire Ambulance 
Service began advanced training in resuscita- 
tion skills for ambulance personnel on the 
accident and emergency shifts. We have des- 
cribed elsewhere both the training programme 
and the results from the first 403 cardiac 
arrests suffered outside hospital in the county 
of Nottinghamshire and attended by our 
crews. ê Now that nearly half of our emer- 
gency ambulance shifts have crews with 
advanced training we decided to investigate 
the extent to which our ambulance service is 
involved with deaths and cardiac arrests that 
occur outside hospital so that we could 


estimate the potential of our new service for 
saving lives. 


Patients and methods 
METHODS , 
We reviewed all the patients who suffered a 
cardiac arrest outside hospital and for whom 
an emergency ambulance was summoned. 
Some of these patients were found dead and 
had clearly been dead for some time, while 
others were seen to collapse or were found in 
circumstances that suggested that cardiac 
arrest had occurred recently. We excluded 
those patients with a death certificate issued 
by a general practitioner. 

The Nottingham District Health Authority 
serves ‘a population of 617 000 and there is a 
single accident and emergency department at 
University Hospital to which ambulances 
bring all those who suffer a cardiac arrest 
outside hospital. During the six month period 
1 January to 30 June 1988 the records of the 
accident and emergency department were ins- 
pected daily to identify the patients who had 
been certified dead on arrival at hospital or 
who had died after admission to hospital after 
a cardiac arrest. Such deaths are usually 
reported to the coroner and the cause of death 
was identified from coroner’s records. We 
excluded patients found to have died of causes 
other than coronary disease. 

Death certificate returns to the district 
health authority from registrars of births, 
deaths, and marriages for this six month 
period were inspected to identify the number 
of deaths within the area. Death certificate 
entries were coded according to the 9th 
revision of the International Classtfication of 
Diseases to identify the deaths that were 
attributed to ischaemic heart disease (ICD 
codes 410-414). 

All patients who had been carried on an 
ambulance equipped with a defibrillator by a 
trained crew were identified from records 
submitted to one of us (JMR) by the 
ambulance personnel. These records were 
completed for all patients in whom resuscita- 
tion had been attempted, whether successful 
or not. Crews were also encouraged to com- 
plete forms to identify patients who had been 
certified dead on arrival without any attempt 
at resuscitation. Any patient who was success- 
fully resuscitated and admitted to hospital was 
followed until death or hospital discharge. 

To simplify comparison with data from 
death registration this investigation was 
confined to cardiac arrests managed by 
ambulance crews based at the eight ambulance 
stations within the Nottingham District 
Health Authority, though records are main- 
tained of all cardiac arrests managed by 
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Figure 1 Management 
and outcome of patients 
with cardiac arrests 
outside hospital in the 
Nottingham District 
Health Authority during a 
6 month period. 


specially trained crews throughout the county 
of Nottinghamshire.® 

The records of the Nottingham ambulance 
stations were analysed to identify the pro- 
portion of accident and emergency shifts for 
which a defibrillator and a trained crew were 
available. The working day of the emergency 
ambulance service is divided into a variable 
number of shifts and a variable number of 
ambulances are available at different times of 
the day and on different days of the week. For 
the purposes of this study, therefore, an 
“ambulance shift’ was defined as the usual 
work period of an individual ambulance 
manned by two people. 


Results 
For the six month period from 1 January 1988 
to 30 June 1988 3575 deaths were reported 
within the Nottingham District Health Autho- 
rity; on the basis of the death certificates 
(mainly issued by general practitioners) 894 
(25%) of these deaths were coded as being due 
to ischaemic heart disease. The ambulance 
service as a whole received 17 749 emergency 
calls during this period and transported to 
University Hospital 445 patients who suffered 
cardiorespiratory arrest outside hospital. 
Figure 1 summarises the overall pattern of 
deaths within the community and the 
involvement of the ambulance service. The 
study period was covered by a total of 5736 
emergency ambulance shifts, 2760 (46.5%) of 
which were worked by a crew trained and 
equipped to use a defibrillator. Of the 445 
victims of cardiac arrest brought to the accident 
and emergency department 298 (67%) were 
transported by crews who had not been trained 
in defibrillation and these patients were either 
certified dead on arrival or after a period of 
attempted resuscitation in the accident depart- 
ment. No patient survived who had a cardiac 
arrest outside hospital and who was transpor- 
ted by a crew without special training or a 
defibrillator. One hundred and forty seven 
patients (33% of those with a cardiac arrest) 
were brought to hospital by a crew able to 
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Figure 2 Age structure of the group of 83 patients in 
whom resuscitation was attempted {black bars), of the 64 
patients who were brought to hospital by special crews 
without resuscitation attempt (open bars), and of the 
3575 patients who died m the Nottingham District 
one Authority during the study period (hatched 

s). 


attempt defibrillation: in 64 of these patients no 
attempt at resuscitation had been made and 
they were certified dead on arrival at hospital; 
an attempt had been made by the ambulance 
crew to resuscitate 83 patients. 

Ventricular fibrillation was the observed 
cause of the cardiac arrest in 45 (54% ) of the 83 
patents in whom resuscitation was attempted 
and defibrillating shocks administered. Nine of 
these patients were admitted to the coronary 
care unit and six were discharged alive. Four 
patients resuscitated from cardiac arrest due to 
rhythms other than ventricular fibrillation 
were admitted but only one of these survived. 

Figure 2 shows the age distribution of the 
patients who died in the Nottingham District 
Health Authority during the study period. The 
median age of death for the whole group was 
76. The median age of patients transported to 
hospital by ambulance without any attempt at 
resuscitation was 70 but the median age at 
death in the group in which resuscitation was 
attempted by a trained crew was 64. 

Figure 3 shows the cumulative percentage of 
response times in the 17 749 emergency calls 
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Figure 3 Cumulative frequency (%) of time mtervals 
from the call for an emergency ambulance to 1ts arrival at 
the patient, 
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for an ambulance during the study period. The 
median response time was 7 minutes, and was 
the same for all types of emergency ambulance, 
whether or not they had a specially trained 
crew. 


Discussion 

This survey was conducted during the first half 
of 1988, and at that time our extended training 
scheme for ambulance personnel had been in 
operation for five and a half years. We had 
trained sufficient crews for nearly half of the 
emergency ambulance shifts to have specially 
trained crews equipped with defibrillators. 
Only 12.6% of the total deaths in the commun- 
ity involved a call to the ambulance service, 
though ambulances were involved in half of the 
deaths due to ischaemic heart disease. 

Although half of the ambulance shifts were 
covered by special crews, such personnel atten- 
ded only one third of the patients who died. 
The cause of this discrepancy is not clear, but it 
may reflect information given to the ambulance 
controllers. The controllers had no specific 
protocol for selecting a routine emergency 
ambulance or one equipped with a defibrillator 
for response to a particular type of call; they 
used their judgment. It seems likely that when a 
call was received concerning a patient who had 
been found dead and who had probably been 
dead for some time a routine ambulance was 
dispatched. Such patients are probably more 
common than those seen to collapse, so routine 
vehicles may well have carried a higher propor- 
tion of patients who fall within our definition of 
“cardiac arrest”. 

Even if all our emergency ambulances had 
specially trained crews with defibrillators, it is 
clear that there would be little impact on 
community fatality rates from heart attacks and 
that previously published estimates of the 
effect of such services’ have been over- 
optimistic. Many of the patients described as 
having a cardiac arrest outside hospital might 
be better described as “found dead”. Our 
specially trained crews, who might be expected 
to be enthusiastic about resuscitation, only 
attempted this in just over half the patients they 
attended with cardiac arrest; in the remainder a 
resuscitation attempt was clearly too late. The 
use of automatic defibrillators could reduce 
training time and thus increase the number of 
trained crews, but there is no reason to suppose 
that the proportion of successful resuscitations 
would increase. If we make the optimistic 
assumption that complete cover of our emer- 
gency ambulance service with defibrillator 
equipped ambulances would be associated with 
the same rate of attempted and successful 
resuscitation demonstrated by the crews we 
have at present, then we can calculate that in 
our population of 617 000 at best between 30 
and 40 lives would be saved in a full year. While 
this saving of lives is vital to the individuals 
who benefit it must be seen in the context of 
nearly 2000 deaths each year from coronary 
disease, and a total of over 7000 deaths in our 
community. 

There are many ways in which it might be 
possible slightly to improve the number of 
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survivors of cardiac arrest outside hospital but 
few have been critically evaluated. In some 
communities it might be more appropriate for 
general practitioners to have their own 
defibrillators’ but this will only help where 
patients tend in the first instance to call their 
general practitioner rather than the emergency 
services. It might be possible to educate poten- 
tial patients to call for help more quickly or to 
call the emergency ambulance service rather 
than their general practitioner, though our 
experience of this has had only limited suc- 
cess.!° It seems unlikely that our median 
ambulance response time of 7 minutes can be 
much improved, but it might be useful to 
concentrate special ambulance services where 
there are large crowds." 

Public education programmes in cardiopul- 
monary resuscitation may lead to a higher 
proportion of resuscitation attempts by special 
ambulance services having a successful out- 
come.” The presence of a doctor on the emer- 
gency vehicle should improve the success rate 
of a resuscitation, but when we compared an 
ambulance manned by a doctor with an 
ambulance with a specially trained crew the 
results were very similar.” Further extension 
of the skills of the ambulance crew to include 
intubation and intravenous fluid and drug 
administration’* may lead to a higher propor- 
tion of successful resuscitations but training of 
all emergency crews to this standard will take 
several years. It is also difficult to evaluate the 
effects of skills other than defibrillation. While 
any or all of these measures might save a few 
extra lives it seems unlikely that they will make 
a significant impact on community mortality. 

We made a simple estimate of the cost of 
saving lives with our special ambulance service 
by adding the salaries of the staff required for 
the service to the cost of purchasing and 
maintaining equipment. The staff required 
include a training officer and one additional 
trained ambulance crew to allow for the time 
needed for training. The ten defibrillators 
provided mainly from charitable sources for 
the Nottingham-based crews cost £4500 each. 
If we assume that the present rate of discharge 
from hospital is maintained over a seven year 


- period (the projected life of the defibrillators) 


then with our present level of staffing 84 
patients will be discharged from hospital at a 
cost of £45 000 for defibrillators plus £23 000 
for their maintenance and approximately 
£150 000 for the salaries of the training officer 
and the additional ambulance staff. The cost 
per life saved is therefore approximately 
£2600—this calculation takes no account of the 
quality of life of the survivors nor of the balance 
of costs and benefits in terms of loss of income 
and taxes or the payment of social benefits. In 
simple terms, however, our advanced training 
scheme for ambulance crews seems to be highly 
cost effective. 


We thank our ambulance crews and their controllers for their 
cooperation and the staff in the accident and emergency 
department and the coronary care unit of University Hospital, 
P naam, who contributed to the success of this project. The 

aspects of this study were supported by a grant from the 
Department of Health and Social Security. 
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Novel exercise protocol suitable for use on a 
treadmill or a bicycle ergometer 


David B Northridge, Stanley Grant, Ian Ford, James Christie, James McLenachan, 
Derek Connelly, John McMurray, Simon Ray, Esther Henderson, Henry J Dargie 


Abstract 

Many exercise protocols are in use in 
clinical cardiology, but no single test is 
applicable to the wide range of patients’ 
exercise capacity. A new protocol was 
devised that starts at a low workload and 
increases by 15% of the previous work- 
load every minute. This is the first 
protocol to be based on exponential 
rather than linear increments in work- 
load. The new protocol (standardised 
exponential exercise protocol, STEEP) is 
suitable for use on either a treadmill ora 
bicycle ergometer. This protocol was 
compared with standard protocols in 30 
healthy male volunteers, each of whom 
performed four exercise tests: the 
STEEP treadmill and bicycle protocols, 
a modified Bruce treadmill protocol, 
and a 20 W/min bicycle protocol. During 
the two STEEP tests the subjects’ oxygen 
consumption rose gradually and expon- 
entially and there was close agreement 
between the bicycle and the treadmill 
protocols. A higher proportion of 
subjects completed the treadmill than 
the bicycle protocol. Submaximal heart 
rates were slightly higher during the 
bicycle test. The STEEP protocol took 
less time than the modified Bruce tread- 
mill protocol, which tended to produce 
plateaux in oxygen consumption during 
the early stages. The 20 W/min bicycle 
protocol does not take account of 
subjects’ body weight and consequently 
produced large intersubject variability 
in oxygen consumption. 

The STEEP protocol can be used on 
either a treadmill or a bicycle ergometer 
and it should be suitable for a wide range 
of patients. 


Many different exercise protocols are used in 
clinical cardiology. Because no single test is 
suited to the wide range of patients’ exercise 
capacities many centres use two protocols— 
one for fitter patients and another for more 
limited patients. This, however, requires a 
pre-test estimate of exercise capacity, which is 
not always accurate. 

Several features are desirable in any exer- 
cise protocol. It should be applicable to a wide 
range of patients so that assumptions about 
exercise capacity do not have to be made 
before the test. The most severely limited 
patients should be able to exercise for at least 
3 minutes,’ which necessitates starting at a 
low workload. On the other hand, the test 


must not be too long or fatigue and boredom 
(of both the patient and supervising 
physician) may become limiting factors. An 
average duration of 10 minutes has been sug- 
gested,?* and all patients should reach their 
maximum by 15 minutes.” 

A further complication is that various exer- 
cise laboratories use different modes of exer- 
cise testing: bicycle ergometers predominate 
in mainland Europe while treadmills are 
favoured in the United Kingdom and United 
States. These two modes of exercise have an 
essential difference: on a treadmill the work 
performed during each stage is dependent on 
body weight, while bicycle exercise is weight 
independent. Bicycle exercise testing 
therefore needs to be standardised for body 
weight so that different subjects perform 
similar relative work at each stage, otherwise 
larger subjects will have a performance advan- 
tage. Most existing bicycle protocols fail to 
take this into account. During treadmill exer- 
cise the patient has to carry his or her own 
weight and so this mode of exercise testing is 
automatically standardised. 

The aim of this study was to devise a new 
protocol that would accommodate the full 
range of patients’ exercise capacity and could 
be used on either a treadmill or a bicycle 
ergometer. 


Subjects and methods 

The cardiopulmonary responses to the new 
exercise test were compared with standard 
protocols in 30 healthy male volunteers (mean 
age 38 years (range 28-55); mean weight 74 kg 
(range 57-97)). 


EXERCISE PROTOCOLS 

The new protocol was designed to begin at a 
low workload (2 METS, 7 ml/kg/min) and the 
initial increments were kept small by increas- 
ing the workload by 15% of the previous stage 
every minute. This results in an exponential 
rise in workload, and the highest stage 
required to test even relatively fit patients is 
reached after 15 minutes. This is the first 
protocol to be based on exponential rather 
than linear increments in workload. 

The mathematical model of this new exer- 
cise test was translated into a treadmill 
protocol by means of standard formulas for 
oxygen consumption derived from treadmill 
speed and gradient.* At each stage either the 
treadmill speed or the gradient was increased, 
never both together. Table 1 shows the result- 
ing STEEP treadmill protocol. 

The STEEP test was applied to a bicycle 
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ergometer after allowing for body weight. 
‘Table 2 was derived, again by means of stan- 
dard formulas,‘ to predict the bicycle protocol 
required to elicit the same relative oxygen 
consumption as the treadmill protocol for a 
given body weight (rounded to the nearest 


5 kg). 


METHODS 

Each of the 30 men performed four exercise 
tests in random order on separate visits at the 
same time of day in the postabsorptive state. 
They exercised to symptom limited maximum 
on a modified Bruce treadmill protocol’ and a 
20W/min bicycle protocol.’ They exercised 
either to exhaustion or to completion of the 15 
minute treadmill and bicycle STEEP 
protocols. All tests were performed in an air 
conditioned exercise laboratory at a constant 
temperature. 

A Marquette MAC 2 was used for the 
treadmill tests and a Bosch ERG 551 electron- 
ically braked ergometer was used for the bi- 
cycle protocols. Respiratory variables were 
determined during exercise by an automated 
gas analysis system (Beckman metabolic 
measurement cart; classic exercise model sys- 
tem 2) that was calibrated for barometric 
pressure. Before each test the oxygen and 
carbon dioxide sensors were calibrated with a 
standard gas mixture containing 16% oxygen, 
4% carbon dioxide, and 80% nitrogen. 

The oxygen consumption (Vo,) for each 
stage of the various protocols was taken as the 
average over the last 30 seconds of that stage. 
Heart rate was taken from the electrocar- 
diogram during the last 10 seconds of each 
stage. Systolic blood pressure was determined 
by palpation every 3 minutes. 


STATISTICAL ANALYSIS 

The significance of differences in the mean 
heart rate, Vo,, and blood pressure between 
the protocols was determined at each stage by 
uncorrected paired ż tests. The significance 


Table! STEEP treadmill protocol 


Speed (mph) 
Speed (km/h) 


Elevation (°,) 


3 4 5 6 7 8 
20 20 25 25 25 30 
32 32 40 40 40 48 
15 3 3 5 7 7 
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after Bonferroni correction for multiple com- 
parisons is also discussed in the text. Repeated 
measures analysis of variance was not applied 
because the subjects stopped exercise at dif- 
ferent rates on the various protocols; this led 
to missing data which were “not at random”. 
The significance of differences between the 
proportions of subjects failing to complete the 
two STEEP tests was assessed by McNemar’s 
test for comparing correlated proportions. 


Results 
AGREEMENT BETWEEN THE TWO STEEP TESTS 
Twenty seven men completed the 15 minute 
STEEP treadmill test and 18 completed the 
bicycle protocol (p < 0-005). Figure 1 shows 
the oxygen consumption during each stage of 
the two STEEP tests. During both the tread- 
mill and bicycle protocols the subjects’ Vo, rose 
in an exponential manner. There was no sig- 
nificant difference in mean Vo, for 11 of the 15 
stages. The subjects’ oxygen consumption was 
slightly, but statistically significantly, higher 
for the first three minutes and the final minute 
of the treadmill test (fig 1). None of the 
differences was significant after correction for 
multiple comparisons. 

Figure 2 shows the subjects’ heart rates 
during the two STEEP tests. Heart rates were 
significantly higher during the middle stages of 
the bicycle test, but the difference was less than 
10 beats per minute at every stage. There was 
no significant difference in blood pressure 
between the two modes of exercise. 


COMPARISON WITH EXISTING PROTOCOLS 

Figure 3 compares oxygen consumption during 
the STEEP treadmill protocol with that during 
the modified Bruce protocol. The modified 
Bruce protocol required 19 minutes to com- 
plete the range of workloads covered by the 
STEEP test in 15 minutes. A plateau in Vo, 
was achieved during the first four stages of the 
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Table 2 STEEP bicycle protocol showing the workload for each of the 15 stages of the protocol as determmned by the subjects body weight tn 





kilograms 
Stage (min) ' 

Werght (kg) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
50 15 20 25 30 40 50 60 70 85 95 110 125 145 170 185 
55 15 20 30 35 45 55 65 80 95 105 125 140 160 185 205 
60 15 25 30 40 45 60 70 85 100 115 135 150 175 200 225 
65 20 25 35 49 50 65 80 90 110 125 145 165 190 220 240 
70 20 25 35 45 55 70 85 100 120 135 155 175 205 235 260 
15 20 30 40 45 60 75 90 105 125 145 170 190 220 250 280 
80 25 30 40 50 65 80 95 115 135 155 180 200 235 270 295 
85 25 35 45 55 65 85 100 120 145 165 190 215 250 285 315 
90 25 35 45 55 70 90 105 130 150 175 200 225 265 300 335 
95 25 35 50 60 75 95 115 135 169 180 215 240 280 320 350 

100 30 40 50 65 80 100 120 140 170 190 225 250 295 335 370 
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Figure 1 Mean (SD) 
oxygen consumption of 30 
healthy men performing 
the two STEEP protocols. 
VO, oxygen consumption. 
*p < 0-05 on uncorrected 
t test. 


Figure 2. Mean (SD) 
heart rate of 30 healthy 
men performing the two 
STEEP protocols. *p < 
O OS on uncorrected t test. 


Figure? Mean (SD) 
oxygen consumption of 30 
healthy men performing 
the two treadmill 
protocols. VO, oxygen 
consumption. 


Figure4 Mean (SD) 
oxygen consumption for 30 
healthy men performing 
the two bicycle protocols. 
VO, oxygen consumption. 
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modified Bruce protocol but not during sub- 
sequent stages. The mean (SD) exercise time 
on this protocol was 20 minutes 14 seconds (156 
seconds), and the mean (SD) Vo, max was 45:3 
(13-1) ml/kg/min. 

Figure 4 compares the two bicycle protocols. 
The mean exercise time on the 20 W/min 
protocol was 12 minutes 29 seconds and the 
mean (SD) Vo, max was 38-2 (10-5) ml/kg/min. 
The between subject variability of oxygen 
consumption at each stage, as reflected by the 
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standard deviation, was less with the STEEP 
bicycle protocol than with the 20 W/min 
protocol (fig 4). 


Discussion 

We have designed a new exercise protocol that 
is the first to be based on exponential rather 
than linear increments in workload. The test 
begins with a low workload and because it uses 
small, frequent increments it is suitable for 
even the most severely limited patients. Never- 
theless, it is designed to induce cessation of 
exercise in patients with Vo, max up to 35 ml/ 
kg/min within 15 minutes so that boredom and 
fatigue are not limiting factors. To allow 
measurement of oxygen consumption over the 
full 15 minute protocols the STEEP tests were 
initially validated in healthy men rather than 
the patient population for which they are 
designed. Both STEEP tests produced a 
gradual exponential rise in oxygen consump- 
tion in these healthy subjects, and no plateau in 
the cardiovascular responses was apparent. 

For 11 of the 15 stages of the treadmill and 
bicycle tests the mean Vo, was the same. 
Oxygen consumption was slightly higher dur- 
ing the first 3 minutes of the treadmill protocol, 
possibly because the initial treadmill speed was 
considerably slower than the subjects’ normal 
walking pace, causing them to adopt an inef- 
ficient gait. Vo, was also higher on the treadmill 
during the final stage of exercise. This may be 
because some subjects performing the bicycle 
test had already reached their Vo, max and 
were therefore unable to increase their oxygen 
consumption further during the last stage of 
the protocol. 

Our finding that the Vo, max with the 20 W/ 
min bicycle protocol was lower than with the 
modified Bruce test accords with previous 
studies that showed Vo, max was 6%-17% 
lower on a bicycle ergometer than on a tread- 
mill.?™ Possible reasons for a lower Vo, max 
on a bicycle ergometer include an early end to 
exercise because of localised fatigue and pain in 
the quadriceps." In addition, the maximum 
cardiac output was lower during bicycle exer- 
cise,’ and this resulted in a lower Vo, max 
because oxygen consumption is proportional to 
cardiac output.!! * During submaximal stages 
the heart rate during the STEEP bicycle 
protocol was higher than during the treadmill 
protocol, despite similar oxygen consumption. 
This suggested a lower stroke volume during 
bicycle exercise as was reported in previous 
studies.!° 13 14 

Many existing protocols have relatively long 
stages of two or three minutes each in an 
attempt to produce a plateau of oxygen con- 
sumption at each stage. The time taken to reach 
a steady state is variable, however, and depends 
on the physical fitness of the subject and the 
relative work intensity.’ The effect of this 
was illustrated in this study: during the 
modified Bruce protocol a steady state was 
reached rapidly during the early stages but not 
at all during later stages. Thus a true steady 
state may not be achieved during the the final 
stage of an exercise test. Another problem with 
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tests consisting of a few prolonged stages is that 
patients become familiar with the protocol 
during répeat testing and may repeatedly stop 
exercising at the same stage. This learning 


_effect may mask improvement with treatment.’ 


We therefore designed a protocol with small, 
frequent increases in workload, as recommen- 
ded by previous researchers.*'* This type of 
protocol is very useful if submaximal exercise 
testing is planned later. When a protocol with 
small, frequent increases in workload has been 
used for a maximal test, itis possible to choose a 
stage at 60%-—70% of that subject’s Vo, max for 
a subsequent submaximal test. A further 
advantage of the STEEP treadmill test over 
existing treadmill protocols is that it avoids 
simultaneous increases in speed and gradient 
which can unsettle patients." 

The mean exercise time of 12 minutes 29 
seconds for the 20 W/min bicycle protocol was 
appropriate for these normal subjects; the test 
would be too short for severely limited patients, 
however. Furthermore, because body weight is 
not taken into account, the oxygen consump- 
tion at each stage varied considerably between 
subjects. With the 20 W/min bicycle protocol it 
is therefore not possible to determine whether a 
patient’s exercise time is impaired or to 
measure the degree of impairment without 
correction for body weight or direct 
measurement of oxygen consumption during 
the test. The STEEP bicycle test takes account 
of body weight and therefore produces less 
interpatient variability. 

We designed a new protocol based on short 
stages with exponential increments in work- 
load. The potential advantage of this protocol is 
that it is suitable for a wide range of patients. 
The most severely limited patients should 
manage the initial low workloads, while the 
exponential rise in workload terminates the test 
within 15 minutes before boredom and fatigue 
become limiting factors. The treadmill test is 
unlikely to intimidate patients because the 
increments are small and simultaneous 
increases in speed and gradient are avoided. 
The test can also be used on a bicycle ergometer 
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if an allowance is made for body weight. In 
healthy subjects we obtained close agreement 
between the mean oxygen consumptions for 
each stage with both modes of exercise. It 
remains to be seen whether this will be true in a 
representative patient population. 
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Plasma concentration of atrial natriuretic peptide 
in spontaneous atrioventricular re-entrant 


tachycardias of childhood 


M Burch, J A Till, M L Rigby, E A Shinebourne, N D Carter, S Jeffery, A Smith 


Abstract 

Plasma atrial natriuretic peptide was 
measured in 13 children between the 
ages of 1 week and 2 years 9 months 
during atrioventricular  re-entrant 
tachycardia and 15 minutes after the 
restoration of sinus rhythm. There was a 
significant decline in atrial natriuretic 
peptide during sinus rhythm. Plasma 
concentrations of the peptide were sig- 
nificantly higher during tachycardia in 
seven infants under 1 year than in the six 
older children. The heart rates and the 
duration of tachycardia were not sig- 
nificantly different in the two age 
groups. Cardiac failure was present in 
five of seven children under 18 weeks of 
age during tachycardia but in none of the 
older children. The plasma concentra- 
tion of atrial natriuretic peptide did not 
significantly correlate with duration of 
tachycardia or heart rate. If tachycardia 
occurs in young infants the low func- 
tional reserve capacity of the developing 
heart leads to cardiac failure more 
frequently and it is likely that this was 
the cause of the significantly higher 
plasma concentration of atrial natri- 
uretic peptide in the younger children. 


Atrial natriuretic peptide, a 28 amino acid 
peptide, is released from the atria in response 
to distension.’? Plasma concentrations of atrial 
natriuretic peptide were increased during 
supraventricular’? and ventricular’® tachy- 
cardia in adults, probably because of increased 
atrial tension.’ ë The increased plasma concen- 
tration during tachycardia caused diuresis and 
natriuresis by increasing the glomerular filtra- 
tion rate and decreasing aldosterone 
secretion.® We are not aware of any studies on 
plasma atrial natriuretic peptide during 
tachycardias in children. The physiological 
response of the developing heart to 
tachycardia differs from that of adults’ and 
cardiac failure is a more common accompani- 
ment.!! We tested the hypothesis that atrial 
natriuretic peptide release in response to 
tachycardia in infants also differed from that 
in older children by measuring plasma con- 
centration during tachycardia and 15 minutes 
after restoration of sinus rhythm in 13 
patients (age range 1 week to 2 years 
9 months). We hoped to define further which 
factors were the most important in causing 
release of the peptide during tachycardia. 


Data on patients 
Heart 
rate in Dose of 
tachycardia Durationof  adsnonne 
Case Age (beatsjman) tachycardia {mg/kg} 
I 1 wk 280 6h 01 
2 2 wk 300 24h 02 
3 2 wk 300 8h 025 
4 7 wk 250 5 days 03 
5 8 wk 290 24h 02 
6 16 wk 300 2 days 03 
7 17 wk 240 ih 03 
8 12 moth 240 2h 03 
9 13 mnth 260 10 min 01 
10 20 mnth 280 6h 015 
11 24 mnth 300 12h 015 
12 28 moth 270 3h 01 
13 33 mnth 270 4h DI 


Patients and methods 

PATIENTS 

The table shows data on the patients. Patients 
2 to 6 were in heart failure when blood 
samples were taken. Patient 9 had undergone 
Mustard’s repair for transposition of the great 
arteries. Patient 12 had Fallot’s tetralogy but 
had not undergone surgery. The other 
patients all had normal intracardiac anatomy. 
All patients presented with atrioventricular 
re-entrant tachycardias. 


METHODS 

In young infants the onset of tachycardia was 
taken as the time when the child was first 
noted to be unwell with breathlessness and 
poor feeding. In older children it was taken 
from the time of complaint of feeling unwell. 
In the postoperative patient the tachycardia 
was noted while the patient was being moni- 
tored in the intensive care unit. In all patients 
echocardiography was performed to assess 
intracardiac anatomy. The presence of 
hepatomegaly or a raised jugular venous pres- 
sure was taken to indicate cardiac failure. 
Each patient was examined by two clinicians. 
Blood pressure and respiratory rate were 
measured during tachycardia and after res- 
toration of sinus rhythm. The heart rate was 
calculated from the RR interval on the 
electrocardiogram. 

The blood samples (1 ml) were taken dur- 
ing tachycardia when the peripheral venous 
line was placed. A further blood sample (1 ml) 
was taken from the line (after removal of an 
adequate dead space) 15 minutes after the 
restoration of sinus rhythm. In view of the age 
of the patients, sampling was restricted to 
these occasions. The samples were collected 
into tubes containing ethylenediamine- 
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tetraacetic acid at 1 mg/ml and aprotinin at 
1000 kallikrein inactivator units/ml. They 
were placed on ice and immediately centri- 
fuged. The plasma was withdrawn and frozen 
at — 70°C. 

Atrial natriuretic peptide was extracted 
from 0-5 ml of plasma using a C, reverse phase 
cartridge (Amersham, UK) according to the 
method developed by Amersham. Mean (SD) 
recovery of '“I-peptide added to plasma was 
87 (3)% (n = 10). Atrial natriuretic peptide 
concentrations were by radioimmunoassay 
with a combination of rabbit antiserum gen- 
erated against human 1-28 atrial natriuretic 
peptide (Peninsula Laboratories, St Helens) 
and '*]-labelled human atrial natriuretic pep- 
tide (2000 Ci/mmol, Amersham, UK) as the 
tracer. To cope with the small sample 
volumes available from paediatric patients, 
plasma extracts were reconstituted in 0:25 ml 
of assay buffer and assayed in triplicate by a 
low volume disequilibrated assay: 50 ul of 
antibody was incubated with 50 pl of standard 
(0:5-50 pg/tube) or extract for 24 hours at 
4°C. Tracer peptide was then added 
(approximately 6000 cpm) and the mixture 
incubated for a further 24 hours at 4°C. Free 
and bound tracer were separated by the addi- 
tion of 100 ul of a 1:20 dilution of donkey 
antirabbit antiserum containing 0-5% normal 
rabbit serum (Guildhay Ltd, Guildford) foll- 
owed by an overnight incubation at 4°C. After 
centrifugation for 45 minutes at 4°C and 3000 
g, the precipitate was counted on a twin-head 
gamma counter (LKB, Finland). Assay buffer 
comprised 0:05 mol/l tris-HCI pH 7:6, con- 
taining 0:3% (W/V)_bovine serum albumin 
(RIA grade, Sigma, UK) and 0-1% Triton X- 
100 (Sigma, UK). Standard curves were con- 
structed in assay buffer from a stock of the 
international standard for human atrial 
natriuretic peptide (code 85/669, NIBSC, 
London). The antiserum was used at 1:5 of 
the dilution recommended by Peninsula. This 
produced an overall assay sensitivity of 1 pg/ 
tube (determined as the peptide concentration 
giving a 10% decrease in binding) and intra 
and inter assay variations of 10% (n = 10) 
and 19% (n= 21) respectively. Related 
samples from the same patient were always 
included in the same extraction run and assay. 

We used non-parametric tests for statistical 
analysis. A Wilcoxon paired analysis was per- 
formed to determine whether there was a 
significant decline in atrial natriuretic peptide 
after restoration of sinus rhythm. A Mann- 
Whitney test was used to compare plasma 
concentrations during tachycardia in young 
infants with those in older children and to 
compare the heart rates and duration of 
tachycardia in these two groups. Spearman’s 
rank correlation coefficient was used to assess 
the relation between plasma atrial natriuretic 
peptide during tachycardia and the age of the 
patient, duration of tachycardia, and heart 
rate. The correlation between the plasma con- 
centration and the dose of adenosine given to 
patients was calculated similarly. Ethical 
approval was obtained from our hospital 
ethics committee. 
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Figure 1 Changes in plasma atrial natriuretic peptide 
(ANP) 15 mimutes after restoration of sinus rhythm m 
13 children with spontaneous tachycardia. 


Results 
Adenosine was given in incrementally in- 
creasing doses of 0-05 mg/kg from 0-05 mg/kg 
to 0 3 mg/kg to all patients. Patients 4, 6, and 7 
did not respond to adenosine despite maximal 
dosages of 0-3 mg/kg. In these patients tachy- 
cardia was terminated with flecainide. After 
intravenous flecainide and despite restoration 
of sinus rhythm patient 5 became hypertensive, 
poorly perfused, and the cardiac failure 
worsened (as assessed by hepatomegaly). 

Figure 1 shows the plasma concentrations of 
atrial natriuretic peptide for each patient both 
during tachycardia and after restoration of 
sinus rhythm. The decline in plasma concen- 
tration after the end of tachycardia was sig- 
nificant (p < 0-02). There was no significant 
correlation between plasma atrial natriuretic 
peptide during tachycardia and the duration of 
tachycardia. There was a weak positive correla- 
tion between heart rate and plasma concentra- 
tion (0:29) and a weak negative correlation 
between age and plasma concentration 
(—-0-38); neither correlation was significant. 
When considered as a group, however, the 
children under | year of age had significantly 
higher plasma concentrations of atrial 
natriuretic peptide than the older children 
(p < 0-02, 96:2% confidence interval from 154 
to 1839 pg/ml). Figure 2 shows the plasma 
concentrations of atrial natriuretic peptide dur- 
ing tachycardia plotted against age. There was 
no significant difference between either the 
heart rates or the duration of tachycardia of the 
two age groups. Blood pressure and respiratory 
rate did not change significantly after restora- 
tion of sinus rhythm. 

There was a positive correlation between the 
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Figure 2 Distribution of 
plasma atrial natriuretic 
peptide (ANP) during 
tachycardia wth age tn 13 
children. 
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dose of adenosine used to terminate atrio- 
ventricular re-entrant tachycardia and plasma 
atrial natriuretic peptide during the tachy- 
cardia (r = 0°57). The correlation coefficient 
was increased (r = 0 58) and was significant at 
the 5% level when the three patients (4, 6, and 
7) who were unresponsive to the maximum 
dose (0 3 mg/kg) of adenosine were included. 


Discussion 

The findings in our study accorded with the 
results in adults in whom there was a significant 
and rapid decline of plasma atrial natriuretic 
peptide after restoration of sinus rhythm.’ In 
addition, we showed that the absolute plasma 
concentrations during tachycardia were sig- 
nificantly greater in infants than in older chil- 
dren. Why 1s there a difference between the two 
groups? One factor may be the duration of 
tachycardia. Early detection of an arrhythmia is 
difficult in the very young patient and the 
longer duration of tachycardia may lead to 
continued release of atrial natriuretic peptide. 
We do not believe this to be the case because 
our younger patients did not have a sig- 
nificantly longer period of tachycardia than the 
older children. This seems to support animal 
work that showed a decline in plasma concen- 
trations of the-peptide during sustained rapid 
cardiac pacing.” 

Others suggested that the high tachycardia 
rate may be a factor in the increased release of 
the peptide.'* While it is true that the atrio- 
ventricular node is capable of faster conduction 
in infancy,” we found no significant difference 
between tachycardia rates in infancy and early 
childhood. 

A possible explanation for the significantly 
higher concentrations in our younger patients 
is that they have greater stores of atrial 
natriuretic peptide. Plasma concentrations are 
high in healthy newborn infants and they 
decrease during the first week of life.’° We 
found no significant correlation between 
plasma concentration and age per se, however; 
and only when the infants were considered 
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as a group did they have significantly higher 
concentrations than the older children. 

The young infant often presents in cardiac 
failure as a result of tachycardia." Five of the 
seven infants in our study were in heart failure 
at presentation, but none of the older children 
was. The plasma concentration of atrial 
natriuretic peptide increased in adult patients 
with congestive cardiac failure and the plasma 
concentration seemed to be directly related to 
right atrial pressure.” The effect of heart 
failure on plasma concentrations of atrial 
natriuretic peptide was further illustrated by 
our findings in one infant in whom cardio- 
vascular collapse and worsening cardiac failure 
occurred after intravenous flecainide, probably 
because of the negative inotropic effect of the 
drug.” In this patient, plasma atrial natriuretic 
peptide increased despite restoration of sinus 
rhythm. We believe that the increased 
incidence of heart failure in the infants we 
studied was the likely cause of their raised 
plasma concentrations of atrial natriuretic 
peptide. 

At our hospital, adenosine is used to treat re- 
entrant tachycardia in children.” We found the 
dose given correlated significantly with the 
plasma concentration of the peptide. This may 
merely represent the finding that the children 
with the highest concentrations of the peptide 
are those with the more severe cardiac failure 
and therefore with the greatest sympathetic 
drive to their atrioventricular node. Alter- 
natively, there may be a direct interaction 
between adenosine and atrial natriuretic 
peptide. Further studies are needed to clarify 
this. 

The changes we have shown in plasma atrial 
natriuretic peptide define the pattern of release 
in childhood tachycardias and reflect the 
differing response of the infant heart to dis- 
turbances of rhythm. Atrial natriuretic peptide 

is beginning to be used as a therapeutic agent in 

adults.2)” Before it is used in children, a 
clearer understanding of the pathophysiology 
is essential. 
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Operative findings after percutaneous pulmonary 
balloon dilatation of the right ventricular outflow 


tract in tetralogy of Fallot 


Sergio A Battistessa, Alfonso Robles, Mark Jackson, Satoru Miyamoto, Robert Arnold, 


Roxane McKay 


Abstract 

Since 1983 percutaneous balloon dilata- 
tion of the right ventricular outflow 
tract has been performed as an alter- 
native to surgical palliation in selected 
cases of tetralogy of Fallot at the Royal 
Liverpool Children’s Hospital. From 31 
December 1984 to 31 December 1988, 27 
of these patients underwent subsequent 
surgical correction. Age at operation 
ranged from 7 to 58 months (median 2:7 
years). The mean interval between 
balloon dilatation and correction was 
15:6 months (range 3-39 months). Two 
patients had a systemic pulmonary 
shunt operation performed before dila- 
tation and a further five required one 
afterwards. Overall 20 (74%) patients 
had some anatomical alteration as the 
result of balloon dilatation, while in 
seven (26%) there was no discernible 
change in the right ventricular outflow 
tract. There was no consistent relation 
between the ratio of balloon size to 
pulmonary annulus diameter and the 
morphological findings. 

Balloon dilatation may obviate the 
need for systemic-pulmonary shunt at 
the expense of some structural damage, 
particularly to the posterior cusp. The 
present data suggest that dilatation does 
not bring about growth of the annulus to 
such an extent that transannular patch is 
no longer needed at intracardiac repair. 


Since percutaneous pulmonary balloon dilata- 
tion was introduced in 1953,’ it has become 
the treatment of choice for pulmonary valve 
stenosis in many centres. As suggested 
initially by Semb et al? and Kan et al,’ the 
haemodynamic results compare favourably 
with those of surgery, especially when dys- 
plastic valves are excluded. Because of this, 
few patients come to operation and the 
numerous published series*® contain little 
information on the morphological effects of 
dilatation of the right ventricular outflow 
tract. 73 

In our hospital, percutaneous pulmonary 
balloon dilatation has been practised as an 
alternative to or in combination with surgical 
palliation in selected patients with tetralogy 


of Fallot.’ Because most of these patients: 


will eventually undergo operation we were 
presented with an opportunity to observe the 
anatomical consequences of dilatation of the 
right ventricular outflow. 


Patients and methods 

From 31 December 1984 to 31 December 1988, 
27 patients underwent correction of tetralogy 
of Fallot after previous balloon dilatation of the 
right ventricular outflow tract. This includes 
15 of those reported in the original clinical 
series.’ We reviewed the clinical notes; the 
operative reports; and, when available, the 
necropsy specimens. 

The median age of the patients at operation 
was 33 months (range 7-58 months). Twenty 
one of them had one pulmonary dilatation, four 
had two procedures, and two patients had three 
and four balloon dilatations. The mean age at 
the first dilatation was 10-0 months (range 0-5— 
30); for all dilatations the median age was 14:6 
months (range 0:5-56). Balloon sizes ranged 
from 5 to 15 mm (mean 13 mm). Surgical 
correction was undertaken 3 to 39 months 
(mean 15-6 months) after dilatation. 

At operation the surgeon classified the pul- 
monary valve leaflets as follows: (a) intact, 
when there was no observable effect of dilata- 
tion; (b) detached, when the leaflet was 
separated from its hinge-point for a variable 
length, starting from one of the commissures; 
(c) split, when a vertical tear was found, usually 
in mid-portion of the leaflet dividing it in two 
segments (in no case was a split identified at a 
commissure); (d) fused, when the leaflets were 
fused to the pulmonary artery wall, probably 
after initial detachment. 

The pulmonary ventriculo-arterial junction 
(pulmonary annulus) was described as: (a) 
intact, where there was no observable effect of 
dilatation; or (b) spit, when there was a tear 
usually originating at the hinge-point of the 
leaflet and extending a variable distance into 
the main pulmonary artery and its right 
branch. 

The computerised records of all the other 
patients (113) who underwent correction of 
tetralogy of Fallot over the same period (31 
December 1984-31 December 1988) and who 
did not have balloon dilatation were reviewed 
to determine how many later had systemic- 
pulmonary shunt operations performed at our 
hospital or elsewhere and how many required a 
transannular patch at the time of correction. 

All patients underwent intracardiac repair of 
tetralogy of Fallot by standard surgical tech- 
niques on conventional cardiopulmonary by- 
pass. In most patients we used accepted criteria 
for the predicted ratio of postoperative right 
and left ventricular pressures to decide whether 
or not a transannular patch was required. The 
ventricular septal defect usually was closed 
through the right atrial approach. 
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Figure 1 Posterior leaflet 
of pulmonary valve after 
percutaneous pulmonary 
balloon dilatation showing 
the frequently encountered 
vertical tears (split 
leaflet) (arrows). More 
often, however, this 
consisted of a single tear 
from free edge to the hinge- 
point of the cusp. RV, 
right ventricle, PA, 
pulmonary artery. 


Figure 2 Posterior aspect 
of mam ary 
opened anteriorly. The 
pulmonary valve leaflets 
were excised 
intraoperatively. The 
ventricular septal defect 
patch has been removed. 
The tear tn the arterial 
wall (shaded area of 
corresponding diagram) 
shows the loss of 
endothelial contimaty 
PA, pulmonary artery; 
IS, mfundtbular septum; 
VSD, ventricular septal 
defect. 





We used simple logistic regression analysis 
to examine whether the ratio of balloon size to 
pulmonary artery diameter predicted morpho- 
logical changes in the pulmonary artery. We 
analysed the frequency of transannular patch 
and shunt operations in patients treated by 
dilatation and those who were not by the x° test. 
We regarded p values of between 0-05-0-1 as 
statistically significant. We calculated the 70% 
confidence intervals for all percentages. 


Results 

Table 1 shows the findings at operation. Figure 
1 is an example of a split leaflet. Overall 20 of 
the patients (74%) (70% CI 63%-83%) had 
gross evidence of damage caused by balloon 
dilatation. Seven patients (26%) (70% CI 
17%-37%) had an intact outflow. Only five 
(19%) (70% CI 11%-29%) had evidence of 
changes that extended to more than one mor- 
phological category. No valve was found to 
have been split along a commissure and most 
valves described as “‘intact’’ were still obstruc- 
tive with fused commissures. In five (19%) 
(70% CI 11%-29%) there was a posterior split 
of the pulmonary arterial wall (fig 2), starting at 
the ventriculo-arterial junction and often 
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Table 1 Findings at operation 


Morphology n % 70% CI (%) 
Leaflets: 

Intact 7 26 17-37 

Detached 8 30 20-41 

Split 9 33 23-45 

Fused 8 30 20-31 
Annulus- 

Intact 22 81 71-89 

Split 5 19 11-29 


Table 2 Relation between ratio of balloon size to 
pulmonary artery annulus and operative findings in terms 
of patient numbers and the results of logistic regression 


analysis of the stratified results 

Operate findings 
Ballooni PA | Morpholagical damage Intact 
range (% ) (1) (n) Total 
< 120 4 3 7 
121-140 2 4 
141-160 6 l 7 
161-180 1 l 2 
181-200 4 0 4 
> 201 l 0 H 
Totals 18 7 25* 
Constant (SE} Balloon/PA rano (SE) t df p 
—0 49 (0 87) 058 (0 38) 152 23 <02 
*Two panents had cethetersanon without recorded 


angiography 
PA, diameter of pulmonary artery annulus. 


extending into the right branch. In one of the 
patients who died, gross and microscopical 
examination showed extensive disruption of 
the tissues (fig 3). The endothelial continuity 
was lost posteriorly at the depressed and 
uneven area that corresponded with the 
macroscopic tear, although the adventitia 
remained intact. Subendocardia! fibrosis and 
elastosig were conspicuous in all sections of the 
adjacent right ventricular outflow septum in 
this patient. 

Table 2 shows the relation between the ratio 
of the balloon size to the angiographic diameter 
of the pulmonary annulus and the frequency of 
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Figure 3 Photormcrograph of a transverse section through the shaded area of the 
specimen shown m fig 2. There was a loss of endothelial wall continuity in the central 
depressed area (between open arrows). There were masses of eosinophilic degenerated 
tissue tn the underlying fibroelasttc corion. The adventitia was intact (closed arrow). 
Haematoxylin and eosin stam, original magmification x 3. 


Figure 4 Observed 
frequency of alterations m 
the valve} 
ventriculo-artertal 
junction, according to the 
ratio of balloon sige to 
angiographic pulmonary 
annulus diameter. The 
bars show the 70% 
confidence interval of each 
proportion. 
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morphological change. Simple logistic regres- 
sion analysis showed no relation between these 
two variables. None the less, there tended to be 
less damage with smaller balloon ratios (fig 4). 
The largest group with intact valves (n = 3) 
had balloon/annulus ratios of < 120%. 

Eighteen patients (67%) (70% CI, 56%- 
77%) required a transannular patch at the time 
of correction; and two (one after a limited 
transannular patch because of coronary artery 
anomalies) had an extracardiac conduit. There 
were three operative deaths. Two patients with 
classic tetralogy of Fallot died of low cardiac 
output, one of them with myocardial infarction 
resulting from a coronary artery injury. The 
third patient who died had Down’s syndrome, 
tetralogy of Fallot, and a complete atrio- 
ventricular septal defect. He developed raised 
pulmonary vascular resistance and congestive 
heart failure after balloon dilatation of a 
stenosed Blalock shunt and the right ven- 
tricular outflow. The right ventricle proved 
inadequate to sustain the circulation post- 
operatively. Figures 2 and 3 show the heart 
from this patient. 

Forty one (36%) of the 113 patients in the 
“control” group who did not have balloon 
dilatation (70% CI 31%-42%) had had a 
systemic pulmonary anastomosis before 
correction. A total of 26 (63%) patients had one 
palliative operation, 14 (34%) had two, and one 
(2%) had three operations. Shunt operations 
were thus significantly more common in the 


non-dilatation group (77 = 3:12, p = 0-08), 
and fewer patients had surgical palliation when 
balloon dilatation had been performed. A 
transannular patch was required in 62 (55%) of 
the group without prior balloon dilatation 
(70% CI, 50%-60%) and in 18 (67%) of 27 of 
the dilatation group (70% CI, 55%-77%) (7° 
= 27, p = 0:27). 


Discussion 

Balloon dilatation of the pulmonary valve is an 
invasive, non-surgical technique"? used to 
relieve obstruction of the right ventricular 
outflow tract. The ideal balloon size, the 
number and pressure of inflations, and patient 
selection vary among different centres. Except 
for the report on the effect of balloon dilatation 
of the pulmonary annulus on newborn lambs 
from Ring and colleagues! and mention of 
isolated surgical cases in series of pulmonary 
valve dilatations,’* there is little information 
available on the morphological consequences of 
the procedure on the right side of the heart. 
This, in part, attests to its relative safety and 
effectiveness, because few patients who have 
undergone dilatation of isolated pulmonary 
valve stenosis required later surgery. 

Ring showed that balloon inflation severely 
damaged the right ventricular outflow tract in 
newborn lambs particularly when the balloon 
diameter was >50% bigger than the pulmon- 
ary artery diameter.’ In animals killed 83 and 
111 days after dilatation the damaged area was 
occupied by small patches of fibrosis. We did 
not find distinctive signs of this type of trauma 
in our patients at operation but in most patients 
with tetralogy of Fallot the endocardium in 
areas of turbulence is usually whitened and 
fibrotic. We have not examined enough 
patients to know whether fibrosis along the 
right ventricular outflow (which cannot be 
solely attributed to the dilatation scar) will 
predispose to ventricular arrhythmias—as was 
suggested by. Ring’ commenting on the clin- 
icopathological study by MDeanfield and 
colleagues." By using simple logistic regression 
analysis, we were unable to show any sig- 
nificant relation between the size of the balloon 
and occurrence of morphological changes 
(table 2), except for the general trend shown in 
fig 3. However, in one four month old patient, 
who has not yet come for correction (and 
therefore is not included in this report) sudden 
and severe hypotension and hypoxia after 
balloon dilatation required urgent systemic- 
pulmonary artery anastomosis. After the chest 
was opened, blood was evacuated from a tense 
pericardium and we found disruption of the 
anterior right ventricular outflow tract with a 
large subadventitial haematoma extending 
across the annulus into the left pulmonary 
artery. Follow up catheterisation showed a 
small, round diverticulum protruding from the 
anterior aspect of the right ventricular outflow 
tract, confirming an extensive structural 
deformity. 

The major changes in our series were con- 
fined to the valve leaflets; 20 (74%) of patients 
(70% CI, 63%-83%) had one or more of the 
changes described, while 22 (81%) (70% CI, 
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71%-89%) were free of annular/pulmonary 
artery disruption. The frequency of the three 
categories of cusp alterations was very similar 
(table 1). It is striking that most of the 
morphological changes were found on the 
posterior leaflet and the posterior wall of 
the pulmonary trunk. We have not found an 
obvious explanation for this; but suggest that 
because this area has direct attachments to 
supporting structures, it would be less likely to 
distend under the balloon pressure and 
therefore would be more likely to tear or split. 
The anterior aspect probably is more elastic 
and compliant and would therefore stretch 
under pressure. Lock et al found multiple 
intimal tears in the lesions of lambs killed <3 
days after dilatation of experimentally created 
branch pulmonary artery strictures.'* In some 
cases, these extended through all the arterial 
layers except the adventitia. In lambs killed 7 
days after the procedure, all the tears were 
healed and the intima and media were intact; 
but the area of the old medial haemorrhage 
continued to show separation of fibres, with the 
blood replaced by smooth muscle cells. In view 
of the interval between dilatation and operation 
in our patients, we expected to find an avas- 
cular, fibrous area posteriorly at the site of 
previous intimal disruption. The long term 
importance, if any, of this alteration in the 
pulmonary outflow is uncertain. 

The pattern of use of transannular patches 
was similar in patients who had operations for 
tetralogy of Fallot at our hospital during the 
same period as the group who had had balloon 
dilatation. Judged on the need for a trans- 
annular patch, we did not find that balloon 
dilatation resulted in appreciable growth of the 
pulmonary annulus. But because our study 
group contained few patients with angiograms 
both before and after dilatation we cannot be 
certain. It was also our impression that it was 
more difficult to achieve a competent pulmon- 
ary valve mechanism after balloon dilatation. 
Though the posterior cusp may be used to 
appose an anterior monocusp patch or some 
valve function can be achieved through a “two 
cusp plasty” technique,” this was often 
thwarted by disruption of the posterior cusp. 
When we analysed the incidence of a systemic 
to pulmonary shunt in both groups, we 
included only patients in whom shunting was 
necessary after attempted palliation by balloon 
dilatation. Over a third (36%) (70% CI, 31%- 
42%) of the control patients had one or more 
shunt operations performed before correction 
compared with 19% (70% CI, 11%—-29%) in 
the study group which could be interpreted as 
showing that in 81% of patients (70% CI, 
71%-89%, n = 22) a shunt was avoided, 
because satisfactory palliation was achieved by 
balloon dilatation. But the two groups were not 
strictly comparable in their underlying 
morphology, symptoms, or indications for 
palliation. A more rigorous, prospective 
randomised trial is necessary to compare 
accurately the role of percutaneous pulmonary 
balloon dilatation with surgical palliation for 
Fallot’s tetralogy. 

Given the present surgical thrust towards 
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conservation of right ventricular and pulmon- 
ary valvar function, by means of a transatrial 
repair in tetralogy of Fallot," it is possible that 
palliation also should be directed towards con- 
servation of the pulmonary valve mechanism. 
The long term effects of cusp damage in 
patients who did not require a transannular 
patch remain to be determined. However, 
accumulating evidence suggests that con- 
tinuing pulmonary regurgitation may be 
detrimental to right ventricular function. 

We found that balloon dilatation tended to 
split the posterior pulmonary valve leaflet or 
detach it from the hinge point, with or without 
a dehiscence in the posterior wall of the 
pulmonary artery. This may obviate the need 
for a systemic-pulmonary shunt, possibly at the 
expense of some anatomical damage and loss of 
valvar function at later correction. In view of 
these findings, we advise that the balloon size 
should be limited to 120%-140% of the 
diameter of the pulmonary annulus. From our 
present data, we cannot tell whether dilatation 
has any effect on the growth of the pulmonary 
arteries,” but the procedure did not seem to 
alter the need for a transannular patch at the 
time of intracardiac repair. 
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Tetralogy of Fallot with anomalous pulmonary 
venous connections: a rare but clinically important 


association 


Andrew N Redington, Joseph Raine, Elliot A Shinebourne, Michael L Rigby 


Abstract 

Anomalous pulmonary venous connec- 
tions were found in seven (0°6%) of 1183 
patients with tetralogy of Fallot. Three 
patients had totally anomalous connec- 
tions (one supracardiac, one direct to 
coronary sinus, and one mixed supracar- 
diac and infracardiac) and four patients 
had partially anomalous pulmonary 
venous connections. All patients presen- 
ted with the clinical features of tetralogy 
of Fallot. Anomalous pulmonary venous 
drainage was suspected clinically in only 
one patient in whom there was a 
scimitar sign on the chest radiograph. 
The exact diagnosis was established by 
cross sectional echocardiography (one), 
preoperative or postoperative angiogra- 
phy (five), or at necropsy (one). Surgery 
was performed in six patients. Total 
correction without re-routing of the 
anomalously draining veins was success- 
ful in all those with partially anomalous 
connections, with no significant long 
term sequelae (follow up median 17 
years). Of those with totally anomalous 
connections, the full diagnosis was made 
only at necropsy in one patient, 
successful one-stage correction was per- 
formed in one, and the other patient, 
who had partially obstructed mixed 
drainage, died shortly after one-stage 
correction. Histological examination of 
the lung biopsy specimen in this patient 
showed grade 2 pulmonary vascular 
disease. 

Tetralogy of Fallot with anomalous 
pulmonary venous connections is a rare 
association. Careful preoperative assess- 
ment is required in those with totally 
anomalous connections. 


There are scattered reports describing the 
association of tetralogy of Fallot with totally 
anomalous pulmonary venous connections. 
With fewer than 10 published cases this is an 
infrequent association that is rarely suspected 
clinically. Its diagnosis by cross sectional 
echocardiography has not been reported, but 
the complete diagnosis has been made at the 
time of cardiac catheterisation,* corrective 
surgery, or necropsy. Furthermore, there are 
few data on the incidence and association of 
tetralogy of Fallot with partially anomalous 
pulmonary venous connections.’ We reviewed 
all cases of tetralogy of Fallot with anomalous 


pulmonary venous connections seen at the 
Brompton and National Heart Hospitals in 
the past 20 years. 


Patients and methods 
We reviewed the records of 1183 patients with 
a diagnosis of tetralogy of Fallot investigated 
at the Brompton and National Heart Hospitals 
in the past 20 years. Only patients with atrial 
situs solitus were reviewed; we excluded those 
with isomerism of the atrial appendages. 
Seven patients (0-6%) had abnormalities of 
pulmonary venous connection. Their ages at 
presentation ranged from three days to four 
months. In only one was the complete diag- 
nosis made by cross sectional echocardiogra-~ 
phy. In the remainder the diagnosis was made 
either at the time of cardiac catheterisation 
(four patients), corrective surgery and later 
cardiac catheterisation (one), or at necropsy 
(one). 


Case reports 
The table gives the clinical data, full sequen- 
tial diagnosis, and outcome for each of the 
seven patients. 


THREE CASES OF TETRALOGY OF FALLOT WITH 
TOTALLY ANOMALOUS PULMONARY VENOUS 
CONNECTION 
Case l 
A 3 year old boy, cyanosed from early infancy, 
was referred after cardiac catheterisation else- 
where. The cineangiograms confirmed the 
presence of tetralogy of Fallot with severe 
obstruction of the right ventricular outflow 
tract caused by anterior deviation of the outlet 
septum and stenosis of the pulmonary valve. 
Selective injections into normal-sized right 
and left pulmonary arteries showed unsuspec- 
ted mixed pulmonary venous connections, the 
right lower lobe and all the left sided pulmon- 
ary veins forming a confluence and draining 
infradiaphragmatically, and the right upper 
and middle pulmonary veins draining to the 
superior caval vein at its junction with the 
innominate vein (fig 1). Haemodynamic 
measurements showed that the pulmonary 
artery pressure was 45/22 mm Hg with right 
and left ventricular pressures of 75/8 mm Hg. 
His aortic oxygen saturation was 73%. 
Complete correction of tetralogy of Fallot 
with anastomosis of the pulmonary venous 
confluence to the left atrium was performed. 
A stenosis of the insertion of the right upper 
and middle pulmonary veins into the superior 
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Data on each of the seven patients 


Chmecal features 


Cyanosis and heart murmur 


Dysmorphic features, 
cyanosis, respiratory 
distress, heart murmur 

Cyanosis and heart murmur 


Cyanosis and heart murmur 


Asscociated abnormalities 


Mixed supracardiac and 
infracardiac TAPVC 


Absent pulmonary valve 
syndrome and TAPVC to 
coronary sinus 

Supracardiac TAPVC, left 
vertical vein to innominate 
vein 


Scimitar syndrome. Right 
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Age at 
Case Sex presentation 
l M 4 months 
2 M 12 hours 
3 M 3 days 
4 M 4 months 
5 M 1 month 
6 F 4 months 
7 F 2 months 


Cyanosis and heart murmur 


Cyanosis and heart murmur 


Cyanosis, heart murmur, and 


hemianomalous drainage 
to hepatic ven 


Right upper lobe vein to 
SVC 


Right upper lobe vein to 
SVC 


Right upper and middle lobe 


respiratory tract infections veins to SVC 


Blalock-Taussig shunt age 3 


Waterston shunt age 7 years, 


Operation Outcome 
One-stage correction age 4 Died after operation. Lung 
histology showed grade 2 
pulmonary vascular disease 
Not performed Died of respiratory failure at 
30 hours of age 
One-stage correction age 9 Well 9 months after operation 
months 
Correction of TOF age 9 Well 1 year after operation 
years 


Well 17 years after operation 
months, correction of 

TOF age 18 years 

Well 17 years after operation 


correcuon of TOF age 9 
years 

Correction of TOF age 10 Short of breath on exernion 26 
years years after operation 





TOF, tetralogy of Fallot, APVC, anomalous pulmonary venous connecnons, TAPVC, total anomalous pulmonary venous connecnona; SVC, superior vena cava. 


Figure 1 Selective 
pulmonary arteriogram 
(A) and laevophase 
examination (B) from 
panent 1. There was a 
mixed totally anomalous 
pulmonary venous 
connection. The 
pulmonary veins from the 
right upper and muddle 
lobes dratned directly to 
the superior vena cava. 
The right lower lobe vem 
drained to forma 
confluence with the verns 
from the left lung which 
drained 
mfradiıaphragmatically 
via a common ven. PA, 
pulmonary artery; PYC, 
pulmonary venous 
connection. 


caval vein was relieved by a patch but these 
veins were left to drain anomalously. The 
immediate postoperative course was com- 
plicated by severe recurrent and refractory 
pulmonary hypertensive crises. He died four 
hours after operation. 

Necropsy confirmed a satisfactory surgical 
repair but histological examination of the lung 
parenchyma showed Heath-Edwards grade II 
pulmonary vascular disease with a considera- 
ble increase in arteriolar wall smooth muscle. 
‘There was no intimal hyperplasia or vessel 
obliteration. 


Case 2 

A full term baby (birth weight 29 kg) was 
born with multiple dysmorphic features 
including low-set ears, flat nose, absent left 
thumb, and a rudimentary fifth ulnar digit. 
He was referred at 12 hours of age because of 
severe cyanosis. He had been intubated and 
ventilated because of increasing respiratory 
distress and severe cyanosis (po, = 31 kPa in 
50% inspired oxygen) despite infusion of 
prostaglandin E, The chest radiograph 
showed a normal heart size, pulmonary oli- 
gaemia, and hyperinflation of the left lung 
with mediastinal shift towards the right. Cross 
sectional echocardiography showed abdominal 
situs solitus, with a concordant atrio- 





ventricular connection. There was tetralogy of 
Fallot with features typical of absent pulmon- 
ary valve syndrome. There was severe infun- 
dibular stenosis and very large confluent 
main, right, and left pulmonary arteries. The 
pulmonary venous drainage was not clearly 
displayed. 

There was rapid deterioration in the child’s 
condition with gross obstuctive emphysema of 
both lungs. It was thought that surgical 
correction was inappropriate in view of his 
poor condition, severe respiratory symptoms, 
and probable chromosomal disorder and he 
died at 30 hours of age. Necropsy confirmed 
the underlying diagnosis of tetralogy of Fallot 
with absent pulmonary valve syndrome and 
also showed totally anomalous pulmonary 
venous connection to the coronary sinus. The 
pulmonary veins were small. Subsequent 
chromosomal analysis showed a deletion on 
chromosome 15 with a mosaic loss of the Y 
chromosome. 


Case 3 

A 3 day old neonate was referred because of 

persistent cyanosis. The clinical findings were 

compatible with isolated tetralogy of Fallot. 
Cross sectional echocardiography showed 

features typical of tetralogy of Fallot. There 

was, in addition, supracardiac totally 
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oh bash 2 Cross sectronal 
echocardiograms from 
patient 3. The subcostal 

4 chamber section (A) 
shows the pulmonary 
venous confluence (pvc) 
outstde the left atrium 
(LA). The suprasternal 
paracoronai section (B) 
shows the left vertical vein 
(VV) draining to the 
innominate vein. RA, 
right atrium; LV, left 
ventricle; RV, right 
ventricle. 


Figure 3 Selective right 
pulmonary artertogram 
(RPA) from the pattent 
with scimitar syndrome 
(A). Hemsanomalous 
pulmonary venous 
drainage (PV) of the 
nght lung 
mfradiaphragmaucally to 
the hepatic ven (B) An 
angiogram of the 
descending aorta (C). The 
systemic blood supply to 
the right lower lobe was 
abnormal (arrow). 
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anomalous pulmonary venous connection with 
the pulmonary venous confluence draining via 
a left sided vertical vein to the left innominate 
vein (fig 2). Phasic but low velocity flow was 
shown in the pulmonary veins by Doppler 
interrogation. 

He remained moderately cyanosed but was 
otherwise well. Cardiac catheterisation was 
performed when he was nine months old to 
confirm that he was suitable for complete 
correction. Surgery was performed elsewhere 
when he was 10 months old. His early post- 
operative course was complicated by low car- 
diac output and bilateral pleural effusions 
which resolved during the first postoperative 
week. He has subsequently made a full 
recovery and is now symptom free nine months 
after operation. 


TETRALOGY OF FALLOT WITH PARTIALLY 

ANOMALOUS PULMONARY VENOUS CONNECTIONS 
All of the patients in this group presented with 
cyanosis in the first four months of life and had 
cardiac catheterisation before complete correc- 


tion. Cross sectional echocardiography was 
performed before correction in only one patient 
(the others having been investigated before the 
introduction of the technique). In this case 
there was a hypoplastic right lung on the chest 
radiograph and no pulmonary veins that 
drained normally from the right lung could be 
shown by cross sectional echocardiography. 
Subsequent cardiac catheterisation with 
angiography showed a scimitar syndrome, with 
the pulmonary venous return from the hypo- 
plastic right lung draining infradiaphrag- 
matically to a hepatic vein. The right pulmon- 
ary artery was hypoplastic. The arterial blood 
supply to the right lower lobe was from an 
artery arising from the descending aorta (fig 3). 
The presence of anomalous venous drainage 
was noted in one other patient before operation 
(right upper lobe pulmonary vein to superior 
caval vein (patient 6). This patient made an 
uncomplicated recovery after a Waterston 
shunt performed at the age of seven years. In 
patient 7 anomalous drainage of right middle 
and upper lobe veins to the junction of the right 
superior caval and azygous veins was detected 
during a corrective operation. In patient 5 a 
right upper lobe vein draining to the right 
superior vena cava was shown only at routine 
postoperative cardiac catheterisation. 

All of these patients have undergone success- 
ful complete correction of tetralogy of Fallot. 
There was no attempt to re-route the 
anomalous pulmonary veins in any of the 
patients. Follow up ranges from five months to 
26 years (median 17 years). All are leading 
normal lives and three are entirely symptom 
free. One patient is short of breath on vigorous 
exertion (case 7). This patient was found to 
have an atrial septal defect of moderate size and 
residual obstruction of right ventricular out- 
flow tract that required further operation. This 
was performed 23 years after the original 
repair; again no attempt was made to re-route 
the anomalous pulmonary veins. 


Discussion 

‘This study describes the clinical features and 
outcome of seven patients with tetralogy of 
Fallot and anomalous pulmonary venous con- 
nections. This was an uncommon association 
that occurred in 0:6% of the patients with 
tetralogy of Fallot seen at our hospitals in the 
past 20 years. 
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All of the patients presented with clinical 
features compatible with isolated tetralogy of 
Fallot. This is because reduced pulmonary 
blood flow is the dominant lesion, even when. 
pulmonary venous return is obstructed.’ In 
only one patient, in whom there was a hypo- 
plastic right lung and a scimitar vein on the 
chest radiograph, was the possibility of 
anomalous pulmonary venous drainage suspec- 
ted clinically. 

When there is totally anomalous pulmonary 
venous drainage early diagnosis of anomalous 
pulmonary venous return is particularly desir- 
able, although previous reports have high- 
lighted the difficulties in the non-invasive 
diagnosis of this association. In one of our 
patients the diagnosis was established by cross 
sectional echocardiography, a pulmonary 
venous confluence and vertical vein draining to 
the innominate vein being shown clearly. 
However, cross sectional echocardiography in 
our patient with coexisting absent pulmonary 
valve syndrome did not show totally anomalous 
pulmonary venous connection to the coronary 
sinus. This patient died from severe respiratory 
complications and at necropsy very small pul- 
monary veins, again reflecting decreased pul- 
monary blood flow, were seen connecting to the 
coronary sinus. 

This combination of anomalies thus 
represents a considerable diagnostic challenge 


to the clinician. There are considerable prac- , 


tical implications to the diagnosis. It would 
clearly be undesirable to perform palliative 
surgery to increase pulmonary blood flow if the 
pulmonary venous return was obstructed. 
Muster and coworkers described just such a 
case, in which fatal intractable pulmonary 
oedema developed after a Potts anastomosis, 
there being only a 1-5 mm aortopulmonary 
anastomosis at subsequent necropsy.' Despite a 
clinical picture of reduced pulmonary blood 
flow, important changes in pulmonary vas- 
culature developed in our three year old patient 
with partially obstructed mixed drainage. This 
patient was referred from another hospital and 
no formal measurements of pulmonary vas- 
cular resistance had been made. None the less 
raised pulmonary artery diastolic pressure 
should raise the possibility of pulmonary vas- 
cular disease in such a patient. It would be 
impractical for all patients with tetralogy of 
Fallot to have cardiac catheterisation before 
palliative surgery, however. We suggest that 
angiography should be considered in patients 
when cross sectional echocardiography fails to 
demonstrate clearly the pulmonary venous 
connections. 

Kchocardiography is likely to be even less 
sensitive when there is partially anomalous 
pulmonary venous drainage. It is perhaps less 
important to establish the diagnosis before 
palliative surgery under these circumstances. It 
is more likely that one or two anomalously 
draining veins will be detected at the time of 
cardiac catheterisation and angiography before 
complete correction. Their clinical importance 
is limited, however. Complete correction with- 
out re-routing of the anomalous veins can be 
performed safely. While this will inevitably 
result in a degree of excess volume load to the 
right ventricle, the long term follow up in our 
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older patients suggests that this has little effect 
on symptoms or functional state. Only one of 
our patients had a hemianomalous pulmonary 
venous connection (case 4). This patient had a 
scimitar syndrome with a hypoplastic right 
lung and pulmonary artery. Pulmonary blood 
flow and hence venous return was limited and 
so correction of tetralogy of Fallot without re- 
routing of the anomalous pulmonary veins was 
thought to be appropriate. In other patients 
where the pulmonary venous return from an 
entire lung may drain anomalously, attempts to 
restore drainage to the left atrium should 
probably be pursued. 

When pulmonary venous drainage is totally 
anomalous it should be possible to perform a 
one-stage procedure with anastomosis of the 
pulmonary venous confluence to the left atrium 
at the time of complete correction. Successful 
one-stage correction has been previously re- 
ported’ ’® and the postoperative course in our 
patient was relatively uncomplicated. If the 
patient is unsuitable for complete correction, 
but requires palliative surgery to increase pul- 
monary blood flow, correction of the ano- 
malous pulmonary venous return should be 
performed at the same time because of the risk 
of postoperative pulmonary oedema.’ 

Tetralogy of Fallot is rarely associated with 
anomalous pulmonary venous connection. The 
diagnosis is rarely suspected clinically because 
the reduction of pulmonary blood flow domi- 
nates the clinical presentation. The diagnosis 
may be made by cross sectional echocardio- 
graphy, but angiography should be considered 
if normal pulmonary venous drainage cannot 
clearly be shown by non-invasive techniques. 
Complete correction with anastomosis of the 
pulmonary venous confluence to the left atrium 
is best performed within the first year of life if 
pulmonary venous connection jis totally 
anomalous, particularly if there is any evidence 
of pulmonary venous obstruction. Correction 
of tetralogy of Fallot without re-routing of 
anomalously draining veins can be performed 
without serious long term sequelae if only one 
or two lobar vessels are affected. 


We thank Dr J Somerville, Nanonal Heart Hospital, London, 
and Professor G Falkowski, Bakulev Institute, Moscow, for 
supplying details of panents under thear care. We also thank Dr 
SE Trotter, National Heart Hospital and Dr S Yen Ho, 
National Heart and Lung Inamtute for examining the necropsy 
specimens. 
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Diagnostic echocardiographic features of the sinus 


venosus defect 


Jose A Ettedgui, Ralph D Siewers, Robert H Anderson, Sang C Park, Elfriede Pahl, 


James R Zuberbuhler 


Abstract 

To establish the diagnostic criteria for 
a sinus venosus atrial septal defect 
cross sectional echocardiograms, cine- 
angiograms, and surgical notes of all 
patients with this diagnosis seen at the 
Children’s Hospital of Pittsburgh bet- 
ween 1986 and 1988 were reviewed. Seven 
patients were identified. In each the 
extent of the atrial septum and the 
nature of the junction of the superior 
vena cava with the atria were evaluated 
echocardiographically from the subcos- 
tal position. All had overriding of the 
superior vena cava and abnormally con- 
nected right pulmonary veins. Six 
patients had undergone cardiac cath- 
eterisation and cineangiography. Five 
patients underwent surgical repair. The 
operative findings were consistent with 
the expected morphology in all five, and 
these features were additionally confir- 
med in a specimen from the cardiopath- 
ological museum. Therefore, the basic 
anatomical feature of a superior sinus 
venosus interatrial communication is a 
biatrial connection of the superior vena 
cava. This, together with anomalous 
drainage of the right sided pulmonary 
veins, results in an imnteratrial com- 
munication outside the confines of the 
true atrial septum. Overriding of the 
superior vena cava across the upper rim 
of the oval fossa is suggested as the 
pathognomonic diagnostic feature that 
can clearly be demonstrated echo- 
cardiographically from the subcostal 
position. In essence the lesion is an 
interatrial communication rather than 
an atrial septal defect. 


Interatrial communications are regarded as 
being among the simplest of congenital car- 
diac malformations; none the less, the 
echocardiographic distinction of the 
anatomical varieties has been far from certain. 
In morphological terms the key to diagnosis is 
that only those communications within the 
confines of the oval fossa are true “‘septal’’ 
defects.’ Of the other malformations permit- 
ting an interatrial communication, the ostium 
primum defect is really an atrioventricular 
septal defect? whereas the rare coronary sinus 
defect is caused by unroofing of the course of 
the sinus through the left atrioventricular 
groove. The sinus venosus defect is the most 
difficult to identify. In 1907 the defect was 


recognised as overriding of the superior vena 
cava such that it achieved a biatrial connec- 
tion’; later Swan et al suggested‘ that this was 
the consequence of persistence of venous con- 
nections between the right and left atria. 
Review of the anatomy confirms that, almost 
always, the important anatomical feature is 
biatrial connection of the superior vena cava 
which in effect produces an _ extraseptal 
interatrial conduit. With this morphology in 
mind, we examined the cross sectional 
echocardiographic features of those patients 
presenting recently at the Children’s Hospital 
of Pittsburgh with a suspected diagnosis of 
the sinus venosus variant of interatrial 
communication. 


Patients and methods 

Since 1986, seven patients (four male and 
three female, aged 3-45 (median 4 years)) in 
whom a superior sinus venosus interatrial 
communication was diagnosed were evaluated 
by cross sectional echocardiography. In all 
patients the atrial septum and the junction 
between the superior vena cava and the atrial 
chambers had been carefully examined from 
the subcostal position with a Hewlett Packard 
77020 sector scanner. Five of these patients 
have had cardiac catheterisation and four of 
these subsequently underwent surgical correc- 
tion. One other patient (case 6) had surgery 
without previous cardiac catheterisation. The 
echocardiograms, angiograms, and surgical 
notes were reviewed. Two other patients were 
excluded when, on review, they were found to 
have left atrial isomerism. We also examined 
the single necropsy specimen in our car- 
diopathological museum with a sinus venosus 
interatrial communication. 


Results 

There is only one heart in the cardiopath- 
ological collection of the Children’s Hospital 
of Pittsburgh that unequivocally shows the 
features of the sinus venosus interatrial com- 
munication. The major feature of this heart, 
which had undergone surgical repair, is an 
anomalous connection of the superior vena 
cava such that it connects directly to the roof 
of the left atrium in addition to having its 
anticipated right atrial connection along the 
terminal groove. As a consequence of this 
anomalous connection, the opening of the vein 
is equally committed to both right and left 
atria, overriding the rim of a normally formed 
oval fossa. The fossa itself was anatomically 
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(A) Cross sectional 
echocardiogram from the 
subcostal position (patient 
2) showing a large 
interatrial communication 
with overriding of the 
superior vena cava (closed 
arrows). The atrial 
septum was intact. (B) 
Cineangiogram from the 
same patient wrth the 
catheter in the left atrium 
through a patent oval fossa 
showing the abnormal 
commumcation {closed 
arrows) between the 
superior vena cava and an 
intact atrial septum (open 
arrows) LA, left atrium; 
RA, right atrium. 


intact and the inferior vena cava and coronary 
sinus connected normally to the right atrium. 
Three right pulmonary veins, however, con- 
nected anomalously to the vena cava and its 
junction with the right atrium. Taken 
together, the anomalous venous connections 
formed an extensive interatrial communica- 
tion outside the confines of the true atrial 
septum. 

The table summarises the echocardio- 
graphic, cineangiographic, and surgical data 
of the seven patients. All seven patients 
examined echocardiographically showed an 
anomalous connection with the superior vena 
cava. This could be demonstrated only from 
the subcostal position. The arrangement is 
such that the superior vena cava overrides the 
atrial septum and there is a large interatrial 
communication (figure A). In all of them, the 
true atrial septum seemed to be intact, al- 
though Doppler evaluation showed patency of 
the oval fossa in two (cases 4 and 5). A right 
pulmonary vein was connected to the junction 
of the superior vena cava with the right atrium 
in all patients. An enlargement of the coronary 
sinus was noted in patients 1, 3, and 4, and the 
presence of a persistent left superior vena cava 
was suspected. 

Five patients underwent cardiac catheter- 
isation (cases 1, 2, 3, 5, and 7). Angiography 
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clearly delineated the abnormal connection 
with the superior vena cava in only one 
patient (case 2) (figure B). The junction of the 
superior vena cava with the right atrium was 
not profiled in the other four. The oval fossa 
was patent in four patients. A persistent left 
superior vena cava draining to the coronary 
sinus was found in patients 1 and 3, in whom 
it was suspected echocardiographically. 
Absence of a brachiocephalic vein was shown 
by cineangiography but not by echocardio-~ 
graphy. The right pulmonary venous connec- 
tions were clearly displayed by cineangio- 
graphy and were to the junction of the 
superior vena cava and the right atrium in all 
patients. Three patients had more than one 
pulmonary vein connection to this junction 
(cases 1, 2, and 5). One other patient (case 6) 
underwent surgical correction without prior 
cardiac catheterisation. In this patient one 
large and two small right sided pulmonary 
veins were found draining at the junction 
between the superior vena cava and the right 
atrium. 

The operative note was consistent with the 
diagnosis of a sinus venosus interatrial com- 
munication in all five patients who had under- 
gone surgical correction. In all the superior 
vena cava was overriding the superior limb of 
the oval fossa and had a biatrial connection. 


Echocardtographic, cneangiographic, and surgical findings tn sinus venosus interatrial communications 





Echocardiography Crneangiography 
Connection Connection 
Patient 
No Age (yr) SVC RPV AA SYC RPV AA Surgery 
l 5 O SVC-RA LSVC U 2 LSVC SVD 
SVC-RA PFO 
2 3 O SVC-RA O 2 PFO SYD 
SVC-RA 
3 3 O SVC-RA LSVC U SVC-RA nO SVD 
4 6 O SVC-RA LSVC 
PFO 
5 4 O SVC-RA PFO U 2 PFO SVD 
SVC-RA 
6 45 O SYC-RA SVD 
7 4 O SVC-RA U SVC-RA 





AA, associated anomalies, LSVC, left superior vena cava draining to the coronary sinus; O, override, PFO, patent foramen ovale; 


RPV, nght pulmonary vein, SVC-RA 
defect, U, unclear 
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, Superior vena cave-right atrial punction; SVC, superior vena cava; SVD, snus venosus 





Sinus venosus defect 


Discussion 

The difference between an atrial septal defect 
and an interatrial communication is crucial in 
the differentiation of the various congenital 
malformations that produce the potential for 
atrial shunting. Only the secundum atrial sep- 
tal defect is a true hole within the confines of 
the atrial septum. The ostium primum defect 
is caused by a deficiency of the atrioven- 
tricular septum and is diagnosed because of 
the stigmata of atrioventricular septal 
defects.** Shunting through the rare coronary 
sinus defect occurs because of absence of the 
“common wall” that normally separates the 
sinus from the left atrium. It is, perhaps, the 
sinus venosus defect that is most difficult to 
understand and diagnose. Thus, in their 
echocardiographic study, Nasser and his 
colleagues state that the defect exists because 
“the atrial septum is deficient in its superior 
aspect”’.’ When Abbott initially reviewed de- 
scriptions of the defect as long ago as 1907, 
she, too, pointed to the “high” location of the 
defect but, significantly, placed great 
emphasis on the biatrial connection of the 
superior vena cava.’ It was Ross, in his review 
of the defect, who first highlighted its 
extraseptal location.” This was subsequently 
confirmed by Swan et al, who appropriately 
described the lesion as an interatrial 
communication rather than a septal defect.‘ 
This extraseptal location and the biatrial ven- 
ous connection are the keys to both echocar- 
diographic and surgical diagnosis. It was the 
biatrial venous connection that was the most 
obvious feature in our echograms, being 
present in all patients and better demon- 
strated by echocardiography than angiogra- 
phy. Disregard of this anatomical feature may 
account for the relatively low sensitivity in 
diagnosing this lesion in a recent study by 
cross sectional echocardiography with colour 
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flow mapping.’ Anomalous right pulmonary 
venous connections were better detected 
angiographically as was presence or absence of 
the left brachiocephalic vein in the presence of 
a persistent left superior vena cava. 

The diagnostic anatomical and echocar- 
diographic criterion for which we now search 
in the sinus venosus defect is the overriding of 
the superior vena cava. Because of its 
extraseptal location it is better to describe this 
lesion as an interatrial communication rather 
than an atrial septal defect. We believe that 
the lesion would be better understood if it 
were regarded as a defect of the superior vena 
cava. 


During the course of this investigation RH A was visiting 
professor supported by the Patrick Dick Memorial Fund. His 
full nme appomrment 1s at the National Heart and L 
Institute, London, supported by the Brinah Heart and josenh 
Levy Foundations. 
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Coarctation of the aorta and post-stenotic 


aneurysm formation 


I M Mitchell, J C S Pollock 
Abstract 
Despite earlier angiography, post- 


stenotic aneurysm of the aorta was an 
unexpected finding at operation in two 
patients with coarctation. One aneurysm 
was found in an intercostal artery in a 
19 year old man and the other was a false 
aneurysm just distal to the coarctation 
site in a 7 year old boy. These aneurysms 
are fragile, apt to rupture, and difficult to 
diagnose preoperatively. Though local 
factors such as jet streams and bacterial 
endocarditis may influence their forma- 
tion there must be an underlying gen- 
eralised weakness in the arterial wall. 

A coarctation should not be regarded 
as an isolated arterial abnormality 
because it may be a feature of a more 
generalised disease. Because of the risk 
of rupture, which may not be prevented 
by antihypertensive treatment, opera- 
tion should not be delayed in any age 
group. 


Coarctation of the aorta is one of the most 
common congenital cardiac abnormalities, 
occurring in about 1 in 1200 live births. In 
untreated patients the average life expectancy 
(from one series of 200) was 32 years,’ with 
the cause of death (according to Campbell?) 
being cardiac failure (25-5%), endocarditis 
(18%), cerebrovascular haemorrhages 
(11-5%), “aortic” rupture (21%), and un- 
known reasons (24%). 

The association of aneurysms with coarcta- 
tion of the aorta is well recognised. In a series 
of 1091 patients reviewed in 1960, Skanda- 
lakis et al reported 102 aneurysms of which 63 
were distal to the coarctation with 12 in the 
intercostal arteries.’ It is important to detect 
such aneurysms because rupture was the 
cause of death in 76% of patients with 
aneurysms. Although computed tomography 
may be helpful, angiography remains the 
mainstay of diagnosis, yet even with this, 
aneurysms are often discovered only at opera- 
tion. Though the development of aneurysms 
proximal to the coarctation might be expected 
(because of hypertension in the upper part of 
the body), aneurysms are equally common 
distal to the coarctation site and are just as 
likely to rupture. We present two such cases 
and discuss the possible mechanisms leading 
to aneurysm formation. 


Case reports 
CASE 1 
A 19 year old man was referred to us in April 


1989 after a routine medical examination 
when he was found to have hypertension with 
a blood pressure of 170/110 mm Hg in the 
right arm, no femoral pulses, and a systolic 
bruit. On questioning he complained of a 
reduced exercise tolerance, claudication in 
both legs, and slight breathlessness on exer- 
tion. An electrocardiogram showed sinus 
rhythm with evidence of minimal left ven- 
tricular hypertrophy. Echocardiography and 
angiography confirmed left ventricular hyper- 
trophy with good left ventricular function, but 
also a coarctation of the aorta with normal 
distal arteries. 

‘Treatment with atenolol was started while 
he awaited operation. At operation a post- 
ductal coarctation was found. This was resec- 
ted and a gelatin impregnated knitted Dacron 
graft (Vascutek, Inchinnan, Scotland) was 
sutured into place to restore aortic continuity. 
In addition to the coarctation, however, a 
1 x 1 cm aneurysm of the first left intercostal 
artery was found. This was very thin walled 
and at risk of rupture, with the dilated portion 
starting 0-5 cm away from an aortic ostium of 
normal size (figure). The intercostal artery 
was transected proximally and ligated distally 
and the aortic ostium oversewn. He made a 
good recovery postoperatively and was well at 
follow up 7 months later though treatment. 
with atenolol was continued. 


CASE 2 

A 7 year old boy presented to us in 1983 with 
a history of claudication in both legs.when 
running and of becoming easily fatigued. On 
examination he was found to be hypertensive 
with a blood pressure of 150/90 mm Hg in the 
right arm, no femoral pulses, and a systolic 
murmur at the left sternal edge. An electro- 
cardiogram was unremarkable but angio- 
graphy showed a coarctation of the aorta and 
mild aortic incompetence. At operation the 
coarctation was confirmed and was repaired 
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Drawing showtng coarctation of the aorta and the 
aneurysm of the first intercostal artery in case 1. 


Goarctation of the aorta and post-stenotic aneurysm formation 


by widening the aorta with a diamond shaped 
Dacron patch. A 2 cm false aneurysm of the 
aorta was also found 3 cm distal to the coarc~ 
tation. Over most of the circumference the 
wall consisted only of adventitia, and the 
aneurysm was repaired with Teflon buttres- 
sed sutures and reinforced by a Teflon collar 
around the aorta with an internal diameter 
of 2:5-3cm. Postoperative recovery was 
uneventful and 6 years later he remained well, 
normotensive, and on no medication. 


Discussion 

Coarctation of the aorta is usually repaired 
before the age of 5 years because of the increas- 
ing risk of irreversible hypertension and left 
ventricular hypertrophy developing when 
repair is delayed.* An equally serious and 
potentially fatal complication of a coarctation, 
but one that is less well appreciated, is 
aneurysm formation. Aneurysms may be single 
or multiple and may occur in the aorta, inter- 
costal arteries, Abbott’s artery, or the cerebral 
vessels. Apart from the risk of rupture (that 
may lead to sudden death) or a cerebrovascular 
accident, pressure on the anterior spinal artery 
or the spinal cord from an intercostal artery 
aneurysm can also lead to paralysis.’ 

The existence of so many arterial abnor- 
malities suggests that a coarctation may be a 
feature of a more generalised arterial disease 
rather than a discrete entity. Bicuspid aortic 
valves are, for example, a frequent association.’ 

‘The cause of aneurysm formation is unclear 
but in the upper part of the body hypertension 
is a possibility. There is some evidence that 
coarctectomy does not protect against hyper- 
tension if the operation is delayed beyond the 
first few years of life and hypertension has been 
uncontrolled.4 None the less, the pressure 
required to produce medial dissection is likely 
to be far greater than aortic blood pressure, 
even in cases of severe hypertension.®’ This 
implies that for an aneurysm to develop there 
must also be some congenital weakness in the 
arterial wall. The finding that only 32% 
aneurysms were proximal to the coarctation in 
one large series’ is further evidence against the 
role of hypertension. 

In our two cases aneurysms developed on the 
“low flow” side of the coarctation and therefore 
hypertension was clearly not the cause. A role 
has been suggested for bacterial endocarditis,’ 
which is undoubtedly important in some cases, 
perhaps aided by eddy currents in low flow 
areas. One further possibility is that some post- 
stenotic aneurysms may be directly attribut- 
able to jet streams of blood coming through the 
narrowed segment and impinging on the distal 
aortic wall. Skandalakis et al suggested that this 
might have accounted for 6% of coarctations in 
their series’; it was probably the cause of the 
false aneurysm in our patient 2. Nevertheless, a 
congenital weakness in the structure or bio- 
chemistry of the artery wall may well account 
for most cases. When aneurysms arise in the 
region of the ligamentum arteriosum it is 
possible that ductal tissue could become incor- 
porated into the aortic wall during develop- 
ment, so as to produce a local weak spot. The 
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more widespread appearance of aneurysms 
may be explained by the evidence that there is 
destruction of elastic tissue in the tunica media 
of the arterial wall together with an alteration 
in the mucopolysaccharide protein matrix.’ 
With this background, hypertension or post- 
stenotic jet streams may then be compounding 
factors. In case 1, however, the intercostal 
aneurysm was on the low flow side of the 
coarctation and arose some distance away from 
the aorta and the coarctation site; so it is 
unlikely that either factor was operating. In 
contrast, the false aneurysm in case 2 may well 
have been caused by abnormal stress on the 
aortic wall from a jet stream. Certainly it is 
unusual for an aneurysm to develop in such a 
young patient. 

There is no doubt that there is a strong 
association between coarctation of the aorta 
and aneurysm formation. Though to date there 
has only been one definite report of rupture of 
an aneurysm of an intercostal artery’ (perhaps 
because these are misreported as aortic rup- 
tures) there is no doubt that aneurysms distal to 
the coarctation are common and are potential 
sites of rupture. Both our patients underwent 
preoperative angiography but this did not 
detect the aneurysms, both of which were about 
to rupture. These fragile, thin walled lesions 
are often found unexpectedly at operation, and 
they do not tolerate manipulation during coarc- 
tation repair.** Once detected, coarctation of 
the aorta should be operated upon without 
delay—in adults and older children just as in 
neonates—because of the potentially fatal con- 
sequences of rupture of an unsuspected 
aneurysm. It is unwise to maintain such 
patients on antihypertensive treatment and 
defer operation. Though thoracic aneurysms 
will be detected and can be dealt with at the 
time of coarctation repair, associated cerebral 
aneurysms are likely to be clinically silent and 
will remain undetected. Because 30-50% of 
patients operated on in late childhood or 
adulthood remain hypertensive after operation‘ 
and because coarctectomy itself will not protect 
against rupture, it is important to provide long 
term antihypertensive treatment.” 


1 Abbott ME Coarctation of the aorta of the adult type. 11. A 
statistical study and historical retrospect of 200 recorded 
cases with autopsy, of stenosis or obliteration of the 
descending arch in subjects above the age of two years. Am 
Heart J 1928,3 574-618 

2 Campbell M Natural history of coarctation of the aorta. Br 
Heart J 1970;32'633—40. 

3 Skandalakis JE, Edwards BF, Gray SW, Davis BM, Hopk- 
ins WA. Coarctation of the aorta with aneurysm Surg 
Gynecol Obstet 1960111: Int Abstr Surg 307-26 

4 Westaby S, Parnell B, Pridie RB. Coarctation of the aorta in 
adults Clinical presentation and results of surgery. J 
Cardiovasc Surg 1987;28:124-7. 

5 Brewer LA, Fosburg RG, Mulder GA, Verska JJ Spinal 
cord complicanons following surgery for coarctation of 
the aorta. A study of 66 cases. J Thorac Cardiovasc Surg 
1972364°368-81. 

6 Robertson JS, Smuth KY. An analysis of certain factors 
associated with production of tal dissection in 
sortic media in relation to aho cenesia of dissecting 

. J Path Bact 1948,60:43-9. 

7 Burman SO. Medial degeneration and its relanon to dissect- 
ing aneurysm Surg Gynecol Obstet 1960;110<Int Abstr 
Surg 1-8. 

8 Sellors TH. Coarctarlon of the aorta associated with 
aneurysm treated by aortic resection and grafting. Br J 
Surg 1956;43:365~71 

9 Wallace RB, See EP Postcoarctation mycotic intercostal 

artertal pseudoancurysm. Am J Cardiol 1987;59.1014—5. 
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Supravalvar aortic stenosis: a complication of 


aortic valve surgery 


Diana R Holdright, G C Sutton 


Abstract 

After a patient had aortic valvotomy and 
aortotomy for the relief of valvar aortic 
stenosis supravalvar stenosis developed 
over the next six years. 


Case report 
A 3 month old boy had the morphological and 
developmental features of cretinism and was 
found to have congenital hypothyroidism. He 
rapidly improved when he was treated with 
thyroxine. He had a systolic murmur. When 
he was 5 years old his electrocardiogram 
showed changes consistent with left ven- 
tricular hypertrophy and his chest x ray 
showed cardiac enlargement. He underwent 
cardiac catheterisation and angiography 
(figure) and was found to have valvar aortic 
stenosis with a peak systolic withdrawal 
gradient of 85-100 mm Hg. Under cardio- 
pulmonary bypass a 1 cm incision was made 
in the aorta. The aortic valve commissures 
were fibrosed and thickened and an aortic 
valvotomy was performed without complica- 
tion. 

After operation he remained well but with 
residual signs of left ventricular outflow 





Angiogram before first operation. 


obstruction and evidence of left ventricular 
hypertrophy on his electrocardiogram. 
Because of the development of breathlessness 
at the age of 12 years repeat operation was 
considered. At this time he was in sinus 
rhythm with a blood pressure of 110/75 mm 
Hg and a sustained apical impulse. On auscul- 
tation there was an ejection sound in the 
second right intercostal space and an ejection 
systolic murmur (grade 4/6) together with an 
early diastolic murmur at the left sternal edge. 
The cardiac diameter was at the upper limit of 
normal on plain chest x ray and his electro- 
cardiogram showed evidence of left ven- 
tricular hypertrophy. Cardiac catheterisation 
was not carried out again and he was referred 
directly for further operation. 

At operation cardiopulmonary bypass was 
established. The pericardial cavity was 
obliterated by firm adhesions and the left 
ventricle was massively enlarged. There was a 
thrill over the ascending aorta but no post- 
stenotic dilatation. The pulmonary artery and 
right ventricle were normal. The aorta was 
opened with a long oblique incision and the 
aortic valve examined. This was bicuspid with 
fusion of the right coronary and non-coronary 
cusps. Unexpectedly there was a supravalvar 
stenosis with a shelf above the left coronary 
cusp approximating the two commissures of 
that cusp to each other and overhanging the 
left coronary orifice. The internal diameter of 
the stenosis measured 1 cm. The aortic 
incision was extended beyond the supravalvar 
stenosis and the fibrous shelf was excised. 
The aortic valve was replaced with a fresh 
homograft and a dacron gusset was inserted 
into the aortic root. 

He made a good postoperative recovery 
with gradual regression of the electrocardio- 
graphic abnormalities. He still had a soft ejec- 
tion systolic and an early diastolic murmur at 
the left sternal edge. Echocardiography 4 
years later showed that the left ventricle was 
normal without hypertrophy or dilatation, and 
with good systolic function. The aortic cusps 
seemed to be normal. An indirect carotid 
pulse tracing showed a normal left ventricular 
ejection time. Cardiac catheterisation 5 years — 
after operation showed a normally contracting 
left ventricle and mild to moderate aortic 
regurgitation on the aortogram. Fifteen years 
later his left ventricular ejection time was 
still normal and Doppler echocardiographic 
studies 18 years after operation showed a 
maximum gradient of 18 mm Hg across the 
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aortic valve, trivial aortic regurgitation, and 
-no evidence of supravalvar stenosis. 


Discussion 

Supravalvar aortic stenosis was first described 
by Mencarelli in 1930.' In the 1950s the first 
preoperative diagnosis was described and the 
first surgical repair documented.? The 
association of supravalvar aortic stenosis with 
an elfin-like facies and infantile hypercal- 
caemia (Williams’s syndrome) is well known 
but there are also descriptions of familial and 
sporadic cases of supravalvar stenosis without 


- the other characteristics associated with 


Williams’s syndrome.’ Our patient had none 
-of the features suggestive of Williams’s syn- 
drome and his serum calcium concentration 
was normal. 

Our patient was congenitally hypothyroid 
but an association between hypothyroidism 
and supravalvar aortic stenosis has not been 
described. Hutchins et al described a case of 
parafollicular cell (C cell) hyperplasia in a 
patient with supravalvar stenosis and sugges- 
ted that C cell hyperplasia occurs in response 
to persistent hypercalcaemia and that thyro- 
calcitonin function is augmented rather than 
impaired.* Despite the location of C cells 
within the thyroid gland we have not found 
any reports describing an association between 
supravalvar aortic stenosis and thyroid dys- 
function. 

Whatever the possible associations leading 
to supravalvar aortic stenosis, we have no 
evidence that this patient had supravalvar 
aortic stenosis before the first operation on the 
aortic valve. Although supravalvar aortic 
stenosis is often found in association with 
aortic valve abnormalities, review of the 
original angiogram before the first operation 
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(figure) did not suggest either supravalvar 
obstruction or aortic hypoplasia. Nor was 
there any suggestion at the time of the first 
Operation that the patient had supravalvar 
aortic stenosis. Morrow et al in a review of 43 
cases of supravalvar aortic stenosis found 13 
with associated abnormalities of the aortic 
valve.” Somerville and Ross described an 
unusual type of aortic valve stenosis associated 
with supra-aortic stenosis®: the valve was 
grossly thickened and lumpy and the supra- 
aortic stenosis was associated with aortic 
hypoplasia. The appearance of the aortic valve 
in our patient did not accord with Somerville 
and Ross’s description nor was the aorta 
hypoplastic. The description of the 
supravalvar aortic stenosis in our patient was 
best described as “hourglass”? rather than 
“membranous” or “‘hypoplastic”’. 

We consequently do not believe that our 
patient had congenital supravalvar aortic sten- 
osis but that the lesion was the result of local 
trauma at the time of the first operation and 
developed over the next 6 years. 


We thank Professor M Yacoub for allowing us to report this 
case on whom he operated and Dr M Raphael for his advice on 


the original angiogram. 
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Aortic atresia: survival to adulthood without 


surgery 


Patrick Maxwell, Jane Somerville 


Abstract 

Aortic atresia is a rare congenital car- 
diac defect. It usually leads to death in 
the neonatal period. A patient with aor- 
tic atresia has survived to the age of 24 
years without any surgical procedure. In 
view of the uncertain results of recon- 
structive surgery this case may have 
therapeutic implications. 


Aortic atresia is a rare congenital cardiac 
defect that is usually associated with the hypo- 
plastic left heart syndrome and is fatal in the 
newborn. Surgical techniques can prolong 
life.’ We report survival to adult life without 
surgery of a patient with aortic atresia. 


Case report 

The patient, a man aged 24, has aortic atresia 
with a normal sized left ventricle, a large 
ventricular septal defect, and a patent ductus 
arteriosus. 

He was the product of a normal pregnancy 
with no family history of congenital heart 
disease. After birth he briefly required oxygen 
for cyanosis. No abnormalities were detected 
at this time and he left hospital after the 
normal postnatal period. When he was a 
month old he was admitted to The Hospital 
for Sick Children, Great Ormond Street, with 
chronic feeding difficulties. He was not cya- 
nosed but was reported to have heart failure 
with intercostal recession with an electro- 
cardiogram showing left ventricular hyper- 
trophy and cardiomegaly with plethoric lung 
fields on the chest radiograph. Cardiac cath- 
eterisation showed contrast passing into the 


Data from cardiac catheterisation at three different ages 


minute ascending aorta via a patent duct. The 
left atrium and left ventricle were of normal 
dimensions with the left ventricle emptying 
into a huge pulmonary artery through a large 
ventricular septal defect. The table shows the 
oxygen saturations and pressures recorded. 
‘Treatment with digoxin and diuretics was 
started and he improved. By the age of one 
year he had become cyanosed. When he was 
five years old he had a poor exercise tolerance, 
frequent respiratory tract infections, and 
established clubbing of the fingers with cen- 
tral cyanosis. Cardiac catheterisation showed 
features of the Eisenmenger syndrome (table). 

He was referred to the National Heart 
Hospital at the age of 15. He was more cya- 
nosed and the haemoglobin concentration was 
230 g/l. In view of the polycythaemia, regular 
venesection with volume replacement was 
started. The chest x ray showed moderate 
cardiomegaly, enlargement of the proximal 
pulmonary arteries, and oligaemic lung fields. 
Electrocardiography showed right atrial and 
biventricular hypertrophy. Cardiac catheter- 
isation showed that there was no flow across 
the aortic valve and that oxygen saturation 
was identical in the pulmonary artery and 
abdominal aorta (table). The figure shows the 
hypoplastic aortic root and the coronary 
arteries, which were perfused retrogradely 
from the patent duct. 

Now aged 24 he has signs of pulmonary 
hypertension and incompetence with deep 
cyanosis. His fingers and toes are equally 
clubbed. He has recurrent small haemoptyses. 
He works full time and has moderate limita- 
tion from dyspnoea (ability index 2). Heart- 
lung transplantation will be considered when 
he becomes more limited; a long transverse 
anastomosis with the donor arch will be 
required. 





Chamber 


Superior vena cava 
Right atrium 
Right ventricle 


4 weeks 5 years 
Pressure Oxygen Pressure 
(mm Hg) sat (%) (mm Hg) 
64 
Mean = 3 60 = & 
105/0 Apex 80 90/10 
Inflow 46 
Mid 62 
Haigh 86 
110/55* o0* 90/70 
Mean 17 95 
70/45* 9g* 90/65 


15 years 

Oxygen Pressure Oxygen 

sat (%) (mm He) sat (%) 
64 

64 Mean = 4 68 

76 125/5 67 

87 100/75 87 
110/10 95 

88 100/70 88 


*These readings in the aorta were not simultaneous with those in the pulmonary artery. Presumably simultaneous readings would have given the same value in 


both, as m the later studies. 
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Angiogram (antertor- 
posterior view with caudal 
tilt) at 15. The catheter ts 
in the aortic arch, mserted 
na the right brachial 
artery. Contrast 15 seen 
filling the as aorta, 
winch ts hypoplastic, and 
the coronary arteries. 
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Discussion 
Aortic atresia is a feature of ee of the 
aortic tract complexes”.? Most cases have 
associated left ventricular hypoplasia and 
mitral atresia so they are grouped within the 
“hypoplastic left heart syndrome’’.’ In our 
patient, however, there was a normal left ven- 
tricle, which has been reported in 4% of 
cases.** This occurs when there is no reduc- 
tion of inflow (mitral atresia or stenosis). The 
outlook for those with a normal and those 
with hypoplastic left ventricles, however, was 
much the same, with a mean age at death of 
five days. The longest survival in these 
necropsy series was 56 days. The longest 
previously reported survival of any child with 
aortic atresia is three years.° 

Why has our patient survived for so long? 
The anatomy of the heart was favourable in 
three ways. Firstly, he is one of the few 
patients with aortic atresia who has a normal 
left ventricle. Secondly, his ventricular septal 
defect was large enough not to restrict outflow 
from the left ventricle. Thirdly, in the neo- 
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natal period he had a large ductus arteriosus. 
It was essential that this should stay patent, 
and it did. In addition, there was no coarcta- 
tion of the aorta. 

Presumably pulmonary vascular resistance 
was relatively low initially, permitting a high 
pulmonary blood flow. This allowed good 
oxygenation, but also caused pulmonary con- 
gestion. This initial situation clearly permit- 
ted survival beyond infancy. The function of 
the left ventricle did not deteriorate because 
its outflow, via the ventricular septal defect, 
was not restricted. Since infancy the pulmon- 
ary vascular resistance has increased, pulmon- 
ary blood flow has fallen, and the coronary 
arteries are perfused retrogradely with blue 
blood. The patient thus lives on as a case of 
the Eisenmenger reaction. Such patients (with 
different cardiac anatomy) have survived into 
the sixth decade. 

It seems that in cases of aortic atresia with a 
large ventricular septal defect and normal left 
ventricle, medical attention in infancy might 
best be directed at keeping the pulmonary 
vascular resistance high and the duct perma- 
nently open by pharmacological treatment. 
This could be as effective as reconstructive 
surgery in prolonging life, or even more effec- 
tive, and cause considerably less suffering, 
risk, and expense. Also, avoidance of a thora- 
cotomy would improve the chances of suc- 
cessful heart-lung transplantation later in life. 


1 Norwood WI, Lang P, Hansen DD Physiologic repair of 
aortic atresta-hypoplastc left heart syndrome. N Engl J 
Med 1983;308 23-6 

2 Lev M. Pathologic anatomy and interrelationstup of hypo- 
plasia of the sortic tract complexes. Lab Invest 195231: 
61-70 

3 Noonan JA, Nadas AS.-The hypoplastic left heart syndrome 
An analysis of 101 cases - Pedhatr Clm North Am 195835: 
1029-56 

4 Roberts WC, Perry LW, Chandra RS, Myers GE, Shapiro 
SR, Scott LP Aortic valve atresia. a new classification 
based on necropsy study of 73 cases. Am J Cardrol 1976; 
37:733—56. 

5 Freedom M, Dische MR, Rowe RD Conal anatomy in 
aortic atresia, ventricular septal defect, and normally 
developed left ventricle Am Heart J 1977,94:689-98 

6 Moodie DS, Gallen WJ], Friedberg DZ Congenital aortic 
atresia’ report of long survival and some speculation about 
surgical approaches J Thorac Cardiovasc Surg 1972563: 
726-31 
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Restoration of sinus rhythm during two 
consecutive pregnancies in a woman with 
congenital complete heart block 


Diana R Holdright, G C Sutton 


Abstract 
In a woman with congenital complete 
heart block atrioventricular conduction 


was normal during two successive preg-. 


nancies. Pregnancy, labour, and delivery 
were uncomplicated on both occasions 
and complete heart block returned post 
partum, 


Successful pregnancies have been reported in 
many patients with congenital complete heart 
block.'? The restoration of normal atrioven- 
tricular conduction during pregnancy in a 
patient with congenital complete heart block 
is unusual, however. We report a patient in 
whom atrioventricular conduction became 
normal during two successive pregnancies, 
while complete heart block was the predomin- 
ant rhythm when the patient was not preg- 
nant. 


Case report 

A Cypriot woman had been found coinciden- 
tally to have complete heart block at the age of 
10 years, but was not informed of this until 
some years later. She was assessed for the first 
time at the age of 21. At that time she was 
aware of heart rate changes, particularly when 
the rate increased, and she was occasionally 
dizzy when her rate fell below 40 beats/min- 
ute; she had never had any syncopal episodes. 
She had no significant illness in her life and 
there was no relevant family history. She was 
not receiving any medication. 

Apart from bradycardia of 50 beats/minute 
examination was unremarkable. Review of her 
electrocardiograms showed that at the age of 
10 years she had complete atrioventricular 
block with normal QRST-T complexes and a 
ventricular rate of 42 beats/minute. Sub- 
sequent electrocardiograms showed sinus 
rhythm with a normal PR interval (aged 17 
years), first degree heart block (PR interval of 
0-22 s) (aged 21 years), and advanced second 
degree atrioventricular block (aged 23 years). 
Holter monitoring when she was 21 showed 
episodes of sinus tachycardia (130 beats/ 
minute) and nocturnal complete heart block. 
Her chest x ray and an echocardiogram were 
normal. 

In 1986, when she became pregnant for the 
first time she had normal atrioventricular con- 
duction with a long PR interval (0-2~0-24 s). 
Holter monitoring at 32 weeks of pregnancy 
showed occasional periods of complete heart 
block with no specific diurnal pattern. Labour 
was spontaneous and during the second stage 


sinus tachycardia developed with a ventricular 
rate of 120 beats/minute. She had an uncom- 
plicated delivery and post partum complete 
heart block returned. In 1988 she became 
pregnant for the second time, and again 
atrioventricular conduction became normal 
with a PR interval of 0-2 s. Her pregnancy was 
unremarkable and she had a sinus tachycardia 
during delivery. Almost immediately after 
delivery she returned to complete heart block 
alternating with advanced second degree 
atrioventricular block. 

A month after the second pregnancy an 
exercise test was performed and she managed 
9 minutes of the Bruce protocol, stopping 
because of breathlessness. Her resting ven- 
tricular rate was 60 beats/minute with a PR 
interval of 0-24 s. Her resting blood pressure 
was 110/65 mm Hg. At peak exercise the ven- 
tricular rate was 140 beats/minute, the PR 
interval was unchanged, and the systolic blood 
pressure was 130 mm Hg. Two minutes into 
recovery a 2:1 second degree atrioventricular 
block developed with a ventricular rate of 60 
beats/minute. 


Discussion 

Congenital complete heart block was first des- 
cribed by Morquio in 1901.‘ The diagnosis is 
made if the criteria established by Yater are 
fulfilled—heart block must be demonstrated 
electrocardiographically and a slow pulse 
ascertained at an early age; there must be no 
history of infection such as diphtheria or 
rheumatic fever and no evidence of ischaemic 
heart disease or other cardiomyopathy, nor a 
history of previous cardiac surgery. The 
incidence is approximately 1 in 15000 to 
22 000 live births®’ and, unlike acquired com- 
plete heart block, the QRS complex is usually 
narrow. 

The ventricular response to exercise is gen- 
erally more pronounced than in acquired 
complete heart block. In our patient, albeit one 
month post partum, sinus tachycardia with a 
constant PR interval developed during an 
exercise test but two minutes after maximum 
tolerated work load a 2:1 second degree 
atrioventricular block supervened. 

Complete heart block has been shown to 
disappear in some patients, with sinus rhythm 
being restored sometimes for several years,’ 
This is more common in congenital than 
acquired complete heart block. Indeed some 
patients change constantly between first, 
second, and third degree heart block—that is 
incomplete complete heart block. Even before 
pregnancy our patient had documented 
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episodes of sinus rhythm in 1975, 1977, and 
1981. 

Many successful pregnancies have been 
reported in patients with congenital heart block 
but Adams-Stokes attacks may develop during 
delivery. This may be precipitated in part by 
the Valsalva manoeuvre which slows the ven- 
tricular rate. Esscher described pregnancies in 
12 women with congenital heart block.! Ten 
patients had 19 pregnancies with no complica- 
tions while in two patients Adams-Stokes 
attacks developed during three pregnancies. 
The development and maintenance of sinus 
tachycardia during delivery reduced the likeli- 
hood of a syncopal episode in our patient. 

We speculate that the hormonal changes of 
pregnancy—with increased production of oes- 
trogens, progesterone, and corticosteroids’— 
may have improved atrioventricular conduc- 
tion in our patient. It has long been recognised 
that steroids can improve atrioventricular con- 
duction. In 1955 Lown et al showed that the PR 
interval was longer in Addison’s disease and 
shorter in Cushing’s syndrome than in healthy 
individuals.” Hormone replacement treatment 
improved atrioventricular conduction in those 
patients with Addison’s disease. Patients with 
Cushing’s syndrome had either a short PR 
interval or a normal PR interval. In general, 
those patients with a short PR interval had 
adrenal cortical hyperplasia and urinary excre- 
tion of 17-ketosteroids (an indicator of adrenal 
cortical function) that was four times higher 
than that in the group with a normal PR 
interval who at surgery were found to have 
adrenal adenomas. 

There is a well recognised association bet- 
ween maternal systemic lupus erythematosus 
and complete heart block developing in utero. 
The conduction tissue damage in utero does 
not continue in adult life, however. Thus it 
seems improbable that the hormonal changes of 
pregnancy could have mitigated the effects of 
lupus in our patient, who in any case had no 
overt clinical features suggestive of lupus 
erythematosus (specific serological testing was 
not performed). Alternatively, rather than 
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producing structural changes in the conducting 
tissues, steroids might produce their effect by 
altering the intracellular-extracellular balance 
of electrolytes, in particular producing a net 
shift of potassium out of cells. Improved 
atrioventricular conduction in patients with 
complete heart block treated with chloro- 
thiazide’’ was associated with a fall in 
extracellular potassium. 

It is not known whether or not oestrogens 
or progesterone could have an effect on atrio- 
ventricular conduction; there are no published 
studies. 

It is likely that the OPRIE changes of 
pregnancy encouraged the restoration of sinus 
rhythm in our patient. This improvement in 
atrioventricular conduction might indicate a 
better prognosis than in those patients in whom 
complete atrioventricular block persists during 


pregnancy. 


We thank Dr E Rowland for his advice and Mr C Wright who 
delivered the patient of her two children. 
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Eustachian valve endocarditis 


Isidre Vilacosta, J Alberto San Roman, Victor Roca 


Abstract 

M mode and cross sectional echocar- 
diography showed a highly mobile 
globular pedunculated mass (3-0 cm long 
with a maximum diameter of 1:5 cm) 
attached to the eustachian valve in a 
heroin addict with staphylococcal 
endocarditis. 


Infective endocarditis in drug misusers was 
first reported in the 1930s.' Since then, right 
sided infective endocarditis has become much 
commoner.** Vegetations are the hallmark of 
endocarditis. In 1973 Dillon er al reported the 
first demonstration by echocardiography of 
valvar vegetations.’ The echocardiographic 
findings in right sided endocarditis have been 
widely described." We report the M mode 
and cross sectional echocardiographic findings 
in a patient with a vegetation of the eustachian 
valve. 


Case report 
A 23 year old male heroin addict was admitted 
to hospital with chills, malaise, right pleuritic 
chest pain, and fever. On physical examina- 
tion blood pressure was 120/70 mm Hg, pulse 
100 beats/min, respiratory rate 20/min, and 
temperature 38-8 C. The conjunctivae and the 
optical fundi were normal. There was no 
jugular venous distension. Fine rales were 
heard over the right lung base. Cardiac 
examination showed a normal sized heart. 
The first heart sound was normal and the 
second sound was split physiologically. 
Neither the liver nor the spleen was palpable. 
There were no petechiae, splinter haemor- 
rhages, or Osler nodes. The haemoglobin con- 
centration was 128 g/l and the white cell count 
was 158 x 10°/] with a shift to the left. 
Staphylococcus aureus was given in six con- 
secutive blood cultures. A chest x ray film 
showed right nodular densities consistent with 
septic pulmonary emboli. An electrocar- 
diogram showed sinus tachycardia. The M 
mode and cross sectional echocardiograms 
showed evidence of a highly mobile mass (3-0 
cm long and with a maximum diameter of 1-5 
cm) that was globular and pedunculated and 
attached to the eustachian valve (figs 1 and 2). 
The other cardiac valves were normal. 
Staphylococcal endocarditis affecting the 
eustachian valve was diagnosed and the 
patient was treated with oxacillin and genta- 
micin for 6 weeks. The pleuritic chest pain 
present on admission disappeared by the fifth 
hospital day. The fever, leucocytosis, and the 
radiographic signs of lung disease resolved. 





Figure 1 (A) Cross sectional echocardiogram in the 
parasternal view showing the right ventricular inflow 
tract. A large, pedunculated mass (arrow) projected into 
the right atrium ( AD) from the junction of the inferior 
vena cava and the right atrium. VD, right ventricle. 

B) Cross sectional echocardiogram in the subcostal view 
and sagittal projection. A pedunculated mass hung from 
the eustachian valve (arrow). VCI, inferior vena cava; 
VCS, superior vena cava. 


A repeat cross sectional echocardiographic 
study before discharge again showed the 
vegetation, which seemed to be smaller. On 
re-evaluation five months later, the patient 
was symptom free; the vegetation persisted at 
the same site but was smaller than before. 


Discussion 

The eustachian valve or valve of the inferior 
vena Cava is anormal remnant of the right valve 
of the sinus venosus. In the embryo this valve 
directs blood from the inferior vena cava into 
the left atrium through the foramen ovale.’ Its 


Eustachian valve endocarditis 


Figure 2 M-mode 
echocardiogram of the 
right ventricular inflow 
tract showing an abnorma 
cluster of dense, highly 
mobile and shaggy echoes 
(*) within the right 
atrium. The tricuspid 
valve (VT) appeared to 
be normal. 





persistence may create or simulate cardiac dis- 
ease.'”'? The anatomical and echocardiogra- 
phic features of this valve have been des- 
cribed.'* '* Successful management of bacterial 
endocarditis depends on early recognition and 
prompt treatment. In right sided endocarditis 
there are often no definitive auscultatory find- 
ings and this makes diagnosis difficult. Echo- 
cardiography is an established non-invasive 
technique for detecting vegetations, haemo- 
dynamic sequelae, and other complications in 
patients with infective endocarditis." 

Edwards er al also reported a patient with 
eustachian valve endocarditis.” Unfortunately 
in their patient the eustachian valve was not 
specifically sought during the echocardiogra- 
phic examination. Although surgical or patho- 
logical confirmation was not available in our 
patient, the triad of heroin addiction, staphy- 
lococcal septicaemia, and pulmonary infarction 
without evidence of peripheral venous disease 
supported the diagnosis of eustachian valve 
endocarditis. 

Necropsy studies of patients with right sided 
infective endocarditis and of opiate addicts 
showed that the affected valves were nearly 
always anatomically normal before the onset of 
the cardiac infection, which was usually caused 
by highly virulent organisms, especially 
Staphylococcus aureus.” Vegetations associated 
with right sided endocarditis tend to be large." 
Echocardiographically confirmed large vegeta- 
tions do not usually disappear after medical 
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treatment. All these features were seen in our 
patient. 

Our patient and that of Edwards et al suggest 
that when bacterial endocarditis is suspected, 
especially in intravenous drug misusers, the 
eustachian valve should be echocardiogra- 
phically examined for vegetations. 


We thank Marcy Ashburn for her technical assistance. 
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Abstract 

The efficacy of balloon dilatation of the 
mitral valve by a bifoll (2 x 19 mm) 
or trefoil (3 x 15 mm) catheter 
(single catheter technique) was assessed 
in 53 patients (mean age 28) with mitral 
stenosis, most of whom were women. 
The procedure was unsuccessful in three 
patients. After balloon dilatation the left 
atrial pressure decreased from 22 mm 
Hg to 13 mm Hg and the mitral valve 
gradient from 12 mm Hg to 4 mm Hg. 
The mitral valve area increased from 0-7 
cm’ to 2-1 cm’. Exercise time on the 
standard Bruce protocol increased from 
3:9 minutes to 7-2 minutes. In 22 (44%) 
patients mitral regurgitation developed 
or the grade of regurgitation increased. 
Left to right shunts with pulmonary 
to systemic flow ratios > 1:5 were 
detected in four patients. Transient 
cerebrovascular episodes developed in 
two patients. One patient died after 
emergency valve replacement for severe 
mitral regurgitation. 

Balloon dilatation of the mitral valve 
by the single catheter technique with the 
bifoil or trefoil catheters is an effective 
treatment for patients with mitral sten- 
osis. Mild mitral regurgitation is a 
frequent complication of the procedure. 


Since Inoue et al’s first description in 1984,' 
percutaneous balloon dilatation of the mitral 
valve has emerged as a new form of treatment 
for mitral stenosis. Dilatation with single’ and 
double balloon techniques has been des- 
cribed.*°> The double balloon technique was 
more effective in dilating stenotic mitral 
valves than the monofoil single catheter tech- 
nique.°’ The smaller (3 x 12 mm) trefoil cath- 
eter was used as part of the double balloon 
technique.® But we found little information on 
the use of a single catheter technique with 
bifoil or trefoil balloons for dilatation.’ The 
catheter consists of two (bifoil) or three 
(trefoil) identical balloons mounted in parallel 
on a single 12F catheter. The balloons fill 
simultaneously when filled with saline. 

The criteria, especially anatomical, for 
patient selection have received scant attention. 
We report our experience of balloon dilatation 
of the mitral valve by a bifoil or trefoil cath- 


eter in 50 patients with mitral stenosis. We 
also studied the effect of various clinical, 
haemodynamic, and  echocardiographic 
variables on the outcome of the procedure and, 
on the development of mitral regurgitation. 


Patients and methods 

PATIENTS 

From May 1988 to June 1989 balloon dilatation 
of the mitral valve was attempted in 53 patients 
with symptomatic (New York Heart Associa- 
tion class II-IV) pliable isolated mitral stenosis 
(table 1). We excluded those with active 
rheumatic carditis, extensive calcification, 
severe subvalvar disease, and more than mild 
mitral or aortic regurgitation. Technical 
reasons related to transseptal catheterisation 
prevented valve dilatation in two patients. In 
one patient the mitral valve could not be split 
despite repeated inflations. The final study 
group consisted of 50 patients of whom 41 were 
women and nine men (mean age 28 years (range 
15-50). Forty six were in sinus rhythm and 
four had atrial fibrillation. Sixteen patients had 
trivial (1+) and two mild (24+) mitral re- 
gurgitation. Fourteen patients also had mild 
aortic regurgitation. Ten patients had mitral 
restenosis after having had closed mitral com- 
missurotomy 4-13 years before. Nineteen 
patients were in New York Heart Association 
class II, 30 in class III, and one in class 
IV. Fluoroscopy showed mild mitral valve 
calcification in 13 patients. 


ECHOCARDIOGRAPHY 

Cross sectional echocardiography was perfor- 
med in all patients before and after the 
procedure. The structure of the mitral valve 
was examined for leaflet mobility, leaflet thick- 
ening, subvalvar disease, and calcification; a 
score was obtained for each valve as described 
previously.’ Out of a possible score of 16 (for a 
severely fibrotic valve with important 
subvalvar disease and calcification) the severity 
ranged from 3 to 9 (mean 5 3). This accords 
with our clinical findings that all patients had 
pliable mitral stenosis. 


EXERCISE TREADMILL PERFORMANCE 

All patients except one (New York Heart 
Association class IV) underwent symptom 
limited treadmill exercise (standard Bruce 
protocol) before and after (within one week) the 


Balloon dilatation of the mitral valve by a single biforl (2 x 19 mm) or trefoil (3 x 15 mm) catheter 343 


Table 1 Echocardiographic and haemodynamic characteristics of patients 
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CMV, closed mitral commmussurotomy; Echo score, cross sectional echocardiographic score; 
MVA, matral valve area, Pre, before balloon dilatation; Post, after balloon dilatation. 


procedure. All were taking a f blocker at the 
time of the pre-dilatation test. The drug was 
stopped after the procedure so the patients 
were not taking § blockers for the post- 
dilatation treadmill test. 


TECHNIQUE 

All patients were given a f blocker for at least 
48 hours as premedication before the 
procedure. Left and right heart catheterisation 
was performed from the left groin with 
measurement of cardiac output by thermo- 
dilution and left ventriculography immediately 
before dilatation. Transseptal puncture was 
performed via the right groin with a standard 
Brockenbrough needle and 8F Mullins sheath 
(USCI). A 7F balloon tipped flotation catheter 
with the balloon inflated was then introduced 
mito the left atrium and then the left ventricle. 
‘Through this catheter a 0-038 inch extra-stiff 
guidewire (Cook) with a 2-3 cm handmade 
gentle curve at its tip was positioned in the left 
ventricular apex. The septum was dilated with 
a 10 mm balloon dilating catheter (Meditech). 
The mitral valve was dilated with either the 
bifoil (2 x 19 mm) or trefoil (3 x 15 mm) 
catheter (Schneider-Medintag). The dilatation 
catheter was introduced into the right femoral 


vein through a 16-5 French introducer sheath 
in the first nine patients but not in the others. 
After haemodynamic measurements were 
obtained, we repeated the right heart oximetry 
series and left ventriculography in all patients. 
The measurement of cardiac output by ther- 
modilution was repeated with the deflated 
balloon across the septum so as to minimise any 
error due to atrial shunting. The mitral valve 
area was calculated by the original Gorlin 
formula. Mitral regurgitation was graded 
according to the method described by Sellers et 
al. Heparin was administered via a peripheral 
vein (100 units/kg) after the left atrium had 
been entered. The anticoagulant effect was 
reversed with protamine sulphate (25 mg) at 
the end of the procedure. 


STATISTICAL ANALYSIS 

We calculated the mean and standard deviation 
and standard error for all variables. 
Haemodynamic changes before“and after 
dilatation of the mitral valve were analysed by 
the paired ¢ test. Stepwise multiple linear 
regression analysis (BMDP statistical package) 
was performed to establish a relation between 
the percentage increase in valve area or the 
development of mitral regurgitation and (a) 
balloon size, (6) balloon surface area per square 
metre body surface area, (c) balloon surface 
area per square centimetre mitral annulus area, 
(d) age, (e) severity of mitral stenosis, (f) 
echocardiographic score, (£) presence of mitral 
regurgitation before dilatation, and (h) mean 
pulmonary artery pressure. 


Results 

HAEMODYNAMIC CHANGES 

The mitral valve gradient decreased from 12 (6) 
to4(3)mm Hg(p < 0-001) and the average left 
atrial pressure decreased from 22 (6) to 13 6) 
mm Hg (p < 0-001). There was a significant 
increase in mitral valve area from 0-7 (0-3) to 
2-1 (0-8) (p < 0-001) and increase in cardiac 
output from 3:2 (0:7) to 4:0 (0-8) l/min 
(p < 0-001). There was a significant 
immediate change in the mean pulmonary 
artery pressure (34 (14) to 31 (13) mm Hg, 
p = 0:01) but no significant change in pul- 
monary vascular resistance (365 (292) to 352 
(265) dyn s cm”. There was, however, a 
significant decrease in the systemic vascular 
resistance from 2043 (539) to 1664 (426) dyn s 

(p < 0-001). 

Stepwise linear regression analysis showed 
that mitral regurgitation (MR) was related to 
the presence of mitral regurgitation before 
dilatation (p < 0-01) and the severity of mitral 
stenosis (p < 0-01) (MR = 1-786-1-379 
(mitral area pre-dilatation) + 0-932 (MR), 
R? = 42%. Regression analysis also showed 
that the percentage increase in mitral valve area 
was related to the severity of mitral stenosis 
before the procedure (p < 0:01) (percentage 
increase in valve area = 371:870-223:728 
(mitral area), R? = 20%. Es 
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Figure 1 Mutral 
regurgitation (A) before 
and (B) after dilatation. 
0 = ml, 1 += trivial, 
2+= mld, 

3 += moderate, 

4 + = severe. 

*No change in grade of 
regurgitation. 


Figure 2 New York 
Heart Association 
functional class (A) before 
and (B) withm one week 
of dilatation 





COMPLICATIONS 


Mitral regurgitation was the most common 
complication (fig 1). In 22 (44%) of the 50 
patients mitral regurgitation either developed 
for the first time or became worse. Most 
patients had trivial (5) or mild (12) regurgita- 
tion. In one patient severe regurgitation (grade 
4) developed and he required emergency sur- 
gery. Mitral valve replacement was uneventful 
but he died in the postoperative period. 
Another patient with moderate mitral regur- 
gitation (grade 3) underwent successful valve 
replacement for worsening cardiac failure four 
weeks after balloon dilatation. Of the remain- 
ing three patients with moderate regurgitation 
two were symptom free and one had grade II 
disablement at follow up 10 months later. 

The development or increase in the grade of 
mitral regurgitation was predicted by the 
presence of regurgitation before dilatation and 
the severity of stenosis before the procedure. 
Cross sectional echocardiography immediately 
after the procedure showed a tear in the 
anterior mitral leaflet and chordal rupture in 
the patient with severe mitral regurgitation. Of 
the four patients with moderate regurgitation, 
chordal rupture was seen in two and a tear in 
the anterior cusp in one. None of the other 
patients with mitral regurgitation showed any 
abnormality on cross sectional echocardio- 
graphy. The echocardiographic findings were 
confirmed in the two patients who had an 
operation. 

A right heart oximetry series showed pul- 
monary to systemic flow ratios > 1-5 in four 
patients (1-6. 1-6, 1-7, and 1-9). There were 
transient ischaemic attacks in two patients, 
indicating embolic events. One had left 





Patel, Vythilingum, Mitha 


hemiparesis and the other internuclear 


opthalmoplegia. 


CLINICAL FOLLOW UP 

In all but two patients symptoms improved. 
The New York Heart Association functional 
class (fig 2) improved to I in 45 patients, to I in 
three, and remained the same in two patients. It 
remained the same in the patient in whom 
severe mitral regurgitation (class IV) 
developed and in another who had moderate 
regurgitation after dilatation (class III). The 
average exercise time increased from 3:9 (2) to 
7:2 (2) min (p < 0-001). 


Discussion 

Since the pioneer work of Harken et al,’ 
Bailey,'* and Baker et al,” closed mitral com- 
missurotomy has been the treatment of choice 
for rheumatic mitral stenosis. The technique 
has been perfected over the years and has 
become safe and effective. However, it has the 
drawback of being a surgical procedure. Over 
the past five years percutaneous balloon dilata- 
tion of the mitral valve has been tried as a 
treatment for stenotic mitral valves. The symp- 
tomatic and haemodynamic improvements 
after balloon dilatation by the single catheter 
technique (Inoue balloon catheter) and the 
double balloon technique have been well 
documented. Experience with the bifoil or 
trefoil catheter has been limited.*® 

Commissural splitting has been shown to be 
the mechanism responsible for a successful 
result.'*"° The size of the balloon has been 
shown to determine the area of the valve after 
dilatation. Smaller balloons probably just 
stretch the valve apparatus and a balloon with a 
larger effective dilating area is required for 
adequate commissural splitting. Palacios et al 
recommended a balloon dilating area > 4:9 
cm’. The average effective balloon dilating 
area in our series was 6:2 cm’. Balloon dilata- 
tion with the bifoil catheter produced a larger 
mean (SD) valve area (2:2 (0-8) cm*) than the 
trefoil catheter (1-8 (0-5) cm?; but the difference 
was not statistically significant (p = 0-2). Our 
results are comparable to the calculated valve 
area achieved with the double balloon tech- 
nique (table 2). The mean total duration of the 
procedure was 110 minutes (range 75-200) 
with a fluoroscopy time of 34 minutes (range 
14-90). In the last 20 patients the mean fluoro- 
scopy time was 19 minutes. A shorter fluoro- 
scopy time is useful in pregnant patients with 
symptomatic mitral stenosis. 

The severity of mitral stenosis was the only 
reliable predictor of outcome; the smaller the 
initial valve area, the larger was the percentage 
increase. Only five patients had valve area 
increase of < 100%. Studies of surgical com- 
missurotomy and in vivo and in vitro balloon 
dilatation’? showed that the structural 
features of the mitral valve determined the 
success of the procedure. Those with heavily 
calcified valves and subvalvar disease had 
smaller increases in valve area. Though the 
average increase in valve area was just over 
200%, the range was wide (57-592%). We 
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Table2 Results with double balloon technique 


Mitral valve area ( cm’ | 





—— Percentage 
Authors Before After increase 
Al Zaibag er al ` 1-0 (0-3) 2:0 (0-8) 100 
McKay C er al *” 1-0 (0-3) 2-4 (0-8) 140 
McKay C et al * 1-0 (0-3) 2:2 (0-7) 120 
Kasab et al ' 0-8 (0-1) 1:8 (0-3) 125 
Chen et al * 0-8 (0-2) 1-9 (0-4) 138 
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failed to split the valve in one patient (fig 3) 
despite reasonable valve mobility and an echo- 
cardiographic score of 8. Partial splitting 
occurred in another five patients who had 
echocardiographic scores between 5 and 8. It is 
clear that some patients with good valve 
mobility have severe commissural fibrosis 
which results in a suboptimal result. We may 
also have underestimated the degree of 
subvalvar disease in this group of patients. In 
addition, some valves may merely stretch and 
recoil after balloon dilatation. 

In the present series the pulmonary vascular 
resistance fell slightly but the fall was not 
statistically significant. The degree of relief of 
mitral obstruction does not necessarily 
correlate with the extent of the drop in the 
pulmonary vascular resistance after mitral 
valvotomy.'* Our experience’ and that of 
others’ showed a progressive drop in the 
pulmonary vascular resistance with time. The 
mechanism by which the resistance continues 
to drop is not certain but changes in lung 
compliance and relief of vasoconstriction could 
explain these findings. 

Mitral regurgitation remains a potentially 
life threatening complication of balloon dilata- 
tion of the mitral valve. In published reports its 
incidence varies from 0 to 50°,,. Severe regur- 
gitation, however, is uncommon. Of the 22 
patients (44”,,) in our study in whom regurgita- 
tion increased or developed, 12 had a prior 
mitral leak. Regurgitation after balloon dilata- 
tion was trivial or mild in most cases (17 
patients). All except one of the patients with 





Figure 3 Trefoil catheter across mitral valve showing persistence of waist despite full 


balloon inflation. 


moderate (four cases) or severe regurgitation 
(one case) showed structural damage. Although 
the presence of mitral regurgitation before 
balloon dilatation predicted the development 
or worsening of regurgitation, most of these 
patients showed only a marginal increase in 
grade. Thus it seems that significant regurgita- 
tion will only occur when there is structural 
damage to the mitral valve. An oversized 
balloon catheter in the presence of significant 
stenosis (mean area = 0:7 cm’) may have 
played a role. In the patient with severe mitral 
regurgitation entanglement of the balloon with 
the chordae was believed to be the cause. 

The incidence of significant left to right 
shunting at the atrial level, as in other series, 
was low. The long term effects of these shunts 
is unknown but there is some evidence that 
most atrial septal defects will close within 24 
hours.’ 

The complications associated with the bifoil 
and trefoil catheters are similar to those 
experienced with the double balloon tech- 
nique. Some say that it is easier and less 
damaging to introduce two small catheters into 
the femoral vein and across the valve. We did 
not have any technical difficulties introducing 
the bifoil and trefoil catheters into the femoral 
vein and across the valve and saw no bleeding 
or other complications at the venous puncture 
site. In fact the placement of two balloons may 
require more time and additional wire or cath- 
eter manipulation and we do not believe that 
the double balloon technique has any major 
advantages over the single catheter technique 
with the larger bifoil or trefoil catheters. 

Balloon dilatation of the mitral valve has 
emerged as a definite alternative to surgical 
commissurotomy. The single catheter tech- 
nique with the bifoil or trefoil catheter results 
in haemodynamic and clinical improvement 
that is comparable to that obtained with the 
double balloon technique. The average dilating 
area of the balloon (6:0—-6:5 cm*) seems to be 
adequate in most cases. Additional studies need 
to be done to assess the safety and efficacy of 
percutaneous balloon dilatation with different 
techniques and catheters. We believe that the 
single catheter technique achieves acceptable 
valve areas, compares favourably with the 
double balloon technique, and may be more 
cost effective (because it uses fewer guidewires 
and catheters). 


We thank Mrs Amelia Smyth for statistical guidance and the 
staff of the cardiac catheterisation and non-invasive laboratories 
for their technical assistance, 
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LETTERS TO 
THE EDITOR 





@ The British Heart Journal welcomes letters 
commenting on papers that it has published 
within the past six months. 


© Allletters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 toords. 


@ In general, no letter should contatn more 
than sıx references (also typed with double 


spactng ). 


Non-invasive determination of cardiac 
output by Doppler echocardiography 
and electrical bioimpedance 


SR; —Dr Northridge and colleagues 
(1990;63:93-7) have, inadvertently I am sure, 
incorrectly cited the proper name of the 
stroke volume equation currently implemen- 
ted in NCCOM3. While it 13 true that the 
general form of the equation of Sramek et al,' 
quoted under patients and methods, des- 
cribes impedance derived stroke volume in a 
general, qualitative fashion, it 13 the quan- 
utative definitnon of volume of electrically 
participating tissue (VEPT) ın the equation 
that requires clarification. 

In the work cited by Northridge and 
associates, the VEPT defined by Sramek 
et al' is determined in practice uniquely as a 
function of body height alone. However, as 
correctly stated by Northridge et al, VEPT as 
currently used is a constant derived from both 
body height and weight. NCCOM3 com- 
putes stroke volume from the Sramek equa- 
tion corrected for body habitus.?* This 
modified equation is now generally cited as 
the Sramek-Bernstein equation,*” which is 
the one, apparently, used in this study. 


WILLIAM C SHOEMAKER 
Editor, Critical Care Mediene, 

251 E Imperial Highway, Suite 480, 
Fullerton, CA 92635, 

USA 
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Siz,-—~We read with interest the validation of 
the transthoracic bioimpedance cardiac out- 
put device (BoMed NCCOMS3) ın acute 
myocardial infarction (1990;63:93-7), North< 
ridge et al concluded that in most patients the 
transthoracic electrical bioumpedance tech- 
nique was accurate and reproducible. The 
validity of this technique has been question- 
ed’; we recently concluded that impedance 
cardiac output as implemented in the BoMed 
NCCOM3 was “not accurate compared with 
the thermodilution reference nor was 1t quan- 
titative’’,’ 

There are many pitfalls in the assesament of 
cardiac output and in undertaking validation 
studies in humans’ and assessment of devices 
likely to be applied in critical care should be 
rigorous rather than enthusiastic. Validation 
in vitro and in vivo should be attempted, the 
method should be accurate compared with 
the reference standard, and show simular 
reproducibility with ability to track 
physiological events and the effects of phar- 
macodynamic interventions.* A simple rest 
assessment may have serious limitations and 
result in misleading conclusions 

Several crucial points in the Northridge 
paper may have contributed to the outcome. 
It is unclear whether investigators were blind 
to each other—this should be mandatory to 
avoid unconscious bias. Ten averaged 
estimates of impedance cardiac output were 
compared with three averaged thermodilu- 
uon estimates: this ıs not reasonable. After 
the establishment of control haemodynamic 
stability, measurements should be paired, 
simultaneous, and consecutive; discarding of 
data (“‘outhers”) and averaging generates 
spurious accuracy. The reference thermo- 
dilution systern is at best under conditions of 
physiological stability.’ Perusal of the data on 
control cardiac output (3-95 l/min) indicates 
that this les outside the 95% confidence 
limits for acute heart failure (mean 4 31 (95% 
confidence interval +0-16) based on 32 
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studies of acute heart failure’); this suggests 
haemodynamic compromise, with subjects 
unlikely to be haemodynamicaily stable. 
Validation studies should cover as wide a 
range of comparison points to ensure the 
method has no systematic bias; clearly this 
was not achieved because of the patient 
population selected. In three of the patients 
there were considerable discrepancies be- 
tween the methoda—were these with higher 
cardiac outputs? 

Our assessment of the BoMed impedance 
device in 16 patients with stable coronary 
disease was as follows.” Ten consecutive car- 
diac output measurements were compared 
with 10 impedance estimations over a 15 
minute period. Subjects were studied fasting 
without premedication after a period of sub- 
maximal exercise to minimise haemodynamic 
variability. Observers were blind to each 
other; the thermodilution method had 
previously been validated in vitro and in vivo 
with accuracy and reproducibihty deter- 
mined.’ Data were not averaged and all data 
were included to obviate observer bias. The 
data (figure) clearly suggested large dis- 
crepancies between the impedance estimate 
of cardiac output and the thermodilution 
reference (average difference 1-33 1 min? m”; 
95% limits of agreement 0-13 to 2 79 1 min” 
m^). During 4 minutes supine bicycle exer- 
cise, with techniques to minimise chest 
movement, these differences increased 
(average difference 2-36 1 min” m°; 95% 
limits of agreement —0:56 to 5-281 min” 
m™), We concluded that the BoMed impe- 
dance method as currently implemented in 
the NCCOM3 device produced uniformly 
low values compared with thermodilution 
estimates, suggesting that the incorporated 
algorithms were not appropriate to the 
ischaemic population. Our observations sug- 
gested that the method at present is unaccep- 
table for scientific or clinical applications. 

Devices which rely on empirically deter- 
mined formulas (impedance changes in 
transthoracic umpedance have been 
correlated with cardiac stroke output in 
volunteers) depend absolutely on the 
reliability of these relations; it may be over- 
sunplistic to expect similar volume conduc- 
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tance characteristics in normal volunteers and 

patients with coronary disease (many with 

concomitant respiratory disease). Though the 

bioumpedance technique has undoubted 

potennal for non-invasive cardiac output 

determination m humans, the NCCOM3 

technique ıs not a satisfactory implementa- 
tion of this method. 

BERNARD SILKE 

Department of Therapeutics and Pharmacology, 

The Queen’s Untvernty of Belfast, 

The Whitla Medical Building 


97 Lasburn Road, 
Belfast BT9 7BL 
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These letters were shown to the authors, who 
reply as follows: 


Sir,-—We are grateful for the opportunity to 
reply to the points raised in these two letters. 

We agree entrely with Dr Shoemaker’s 
comments. The bioimpedance stroke volume 
equation used in the BoMed NCCOM3 was 


first described by Dr Sramek. The contribu- 
tion of Dr Bernstein, which we would not 
wish to underestimate, was an improved 
method for calculating VEPT (one variable in 
the Sramek equation) rather than a modifica- 
tion of the equation itself. As stated in our 
paper, VEPT was determined from both 
body height and weight—the Bernstein 
method. 

We take issue with many of the points 
raised by Dr Silke. The thermodilution 
results were taken simultaneously with elec- 
trical bioumpedance by two blinded 
observers. As we stated, the bioumpedance 
estimate was taken as an average of 120 heart 
beats, not 10. This was compared with three 
averaged thermodilution estimates because 
these require a similar length of time. Each 
thermodilution estimate 1s in itself an average 
over a number of cardiac beats. We disagree 
with Dr Silke’s assertion that averaging gen- 
erates spurious accuracy. In fact we 
deliberately made only one estimate of car- 
diac output with each method per patient to 
avoid the spurious correlations that can be 
generated when multiple measurements are 
made in the same patient. 

We do not follow Dr Silke’s reasoning 
regarding the haemodynamic status of our 
patients. They were not chosen for their 
haemodynamic stability—unlike the patients 
included ın the drug studies cited. Since we 
made the thermodilution and bioimpedance 
measurements simultaneously, any haemo- 
dynamic instability would not bias our 
results. 

Dr Silke suggests that we did not study a 
wide enough range of cardiac outputs In fact 
the thermodilution results ranged from 2 }/ 
min to over 6 1/min which covers most values 
commonly encountered in clinical practice. 
He also suggests that the three patients in 
whom there was considerable disagreement 
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between electrical bioumpedance and ther- 
modilution might have been those with the 
highest cardiac outputs. Inspection of figure 3 
of our original paper clearly shows that this 
was not the case. There was no relation 
between the size of the errors and the mean of 
the two estimates of cardiac output. 

There are several possible reasons to 
explain the poorer results obtained by Dr 
Silke with electrical bioumpedance. However, 
it is difficult to compare our methods because 
his study has not been published in full. The 
most obvious difference between the studies 
18 that our measurements were not made 
during exercise. A previous report concluded 
that the BoMed NCCOM3 was inaccurate 
during exercise.’ Another problem with Dr 
Silke’s study 1s that electrical bioumpedance 1s 
compared with thermodilution—a technique 
that may be unreliable during exercise 
because of the development of tricuspid 
incompetence.” Therefore the lack of 
agreement between bioimpedance and ther- 
modilution during exercise should not dis- 
courage physicians from using this device ın 
patients at rest, especially to monitor changes 
in cardiac output. 

DAVID B NORTHRIDGE 
HENRY J DARGIE 
Department of Cardiology, 


Western Infirmary, 
Glasgow G11 GNT 
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VIEWS FROM THE PAST Ronald Thomson Grant 1892-1989 


LL 


After leaving the Army in 1919 at the age of 27, 
Grant took a house job at the Ruchill Fever 
Hospital, Glasgow and learnt to use a Macken- 
zie polygraph which happened to be there. 
This aroused his interest in cardiology and Dr 
(later Sir) John McNee obtained a post for him 
in Dr (later Sir) Thomas Lewis’s Medical 
Research Council funded  cardiographic 
department at University College Hospital, 
London, where he was to stay for 14 years. 
Lewis was working intensively on atrial flutter 
and fibrillation and had just proposed his 
famous hypothesis of “circus movement” to 
explain their mechanism. Grant’s first paper 
with C C Iliescu was a comparison of the effects 
of four cinchona alkaloids on the atrial and 
ventricular rates in atrial fibrillation; quinidine 
was the most effective. 

Then in 1923 Grant and Lewis wrote a 78 
page paper entitled “‘Observations relating to 
subacute infective endocarditis.” This 
included a good histological study showing that 
the position of the valve annulus in the aortic 
wall would reliably distinguish a congenital 
from an acquired bicuspid aortic valve. Grant 
cut and stained all the sections himself. His 
interest in cardiac pathology continued in three 
papers on congenital heart disease based on 
cases of partial heart block in single ven- 
tricle, congenital pericardial deficiency, and 
anomalous coronary arteries. He also wrote on 
the comparative anatomy of the coronary 
arteries. By 1923 Lewis had completed his 
electrocardiographic research and had started 
to work on the vascular reactions of the skin to 
injury, designating the red line flare and weal 
produced by a heavy stroke to the skin as the 
“triple response”. Grant and Lewis then 
showed that many different forms of injury 
gave this response and by a long series of simple 
but intellectually brilliant experiments they 
showed that injury releases a histamine like 
body from the tissue cells. They called it “H 
substance”. 

By 1932 Grant had completed a remarkable 
10 year follow up of 1000 former soldiers with 
organic heart disease. It had been the first task 
given to him on joining the department and he 
wrote it up in a 58 page paper with 147 pages of 
tables. Many features were analysed and he 
showed that the two best prognostic indices 
were exercise tolerance and cardiac enlar- 
gement. This large statistical study must have 
been one of the first of its kind. It included a 
pioneer controlled trial of treatment in which 
175 patients with syphilitic heart disease were 
given either arsenic, mercury, and iodides; or 
iodides only; or placebo. Death rates at 10 years 
were 48%, 64%, and 67% respectively. 

Lewis’s campaign to promote clinical science 
was now in full swing. He was keen to establish 
departments of clinical research elsewhere and 
persuaded the Medical Research Council to set 
up one at Guy’s Hospital with Grant as direc- 
tor. (Lewis’s salary was now being met by 
the Rockefeller Foundation which released 
Medical Research Council funds for the new 
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post.) Their association continued 
Medical Research Society. Later in life Grant 
told me that he had been happy working in the 
department with no wish to leave despite the 
fact that “the discomfort was that you were all 
the time aware of your own deficiencies when 
you were with Tom. He found it easy to see and 
put things clearly and if you did not—well you 
were just a fool and you were pretty well told so. 
But if you fought back and showed reason he 
would take it easily. There was a zeal for the 
truth and you felt this man is really serious and 
you put up with a hell of a lot from a man of that 
quality. Sometimes I felt I must get out of this I 
can’t stand it any more but then again you felt 
I’ll beat him—that was the feeling he aroused in 
you.” 

In his last years at University College Hosp- 
ital Grant’s interests had turned to the peri- 
pheral circulation and his first paper from 
Guy’s Hospital with H E Holling was on the 
vascular response of the limb to body warming 
with evidence for sympathetic vasodilator 
nerves. Subsequent papers were on poly- 
arteritis nodosa and pulmonary fat embolism. 

The heavy bombing of the London docks in 
1940 led to many severely injured patients 
being admitted to Guy’s Hospital and at the 
suggestion of Dr E B Reeve, Grant set out to 
study shock—not an easy task. For a while the 
famous philosopher L Wittgenstein became his 
technician having first come to Guy’s Hospital 
as a porter to help the war effort. Remarkably, 
at the age of 52 Grant formed the Royal Army 
Medical Corps Traumatic Shock Research 
Unit. He had the rank of Lieutenant-Colonel 
and pursued his studies for several months 
during the Italian campaign sometimes work- 
ing within 10 miles of the battle front. 

He set high standards and could be a deman- 
ding person to work with but he was essentially 
a kind, friendly, generous, and approachable 
man whose modesty added to the respect in 
which he was held. 

ARTHUR HOLLMAN 
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You have voted to return to Wembley for the 
spring meetings in 1993 and 1995. The 
majority was a narrow one‘ 144 in favour of 
Wembley and 135 against. This may surprise 
many who were so enthusiastic about 
Torquay, and those who worked in London 
who found it was helpful to be away from the 
shop. Perhaps many who voted for Wembley 
had not been to Torquay or do not work in 
London ..? The President wondered about 
giving two votes to Officers or making an 
adjustment for the many abstentions; but the 
first option would not have worked, and the 
second was overruled by his democratically 
munded colleagues. The Officers’ discussions 
after the, Torquay meeting did not bring to 
light any major problems relating to the 
organisation. The sessions went smoothly, 
but we did receive comments on some of the 
slides from Mr Tony Oxley who is our new 
consultant on audiovisual aids. The mounts 
should be of good quality, and with glass. 
Remember that the projector lamps are very 
powerful, and therefore very hot. This may 
not cause a problem during short presenta- 
nons, but in plenary sessions poor quality 
slide mounts are liable to cause problems, 

The society received 19 applications for 
travel scholarships for the Stockholm meet- 
ing. As usual, priority was given to those 
presenting papers at the meeting who could 
not obtain appropriate support from other 
sources. We received 19 applications, of 
which 17 were deemed very suitable and 
given funding. Members are reminded of this 
facility For the next meeting we plan to make 
25 scholarships available and we hope to 
receive applications from all those qualified to 
receive them. 

What do members think about the tradition 
that only surnames should be used during 
official business of the society? The astute 
among you — presumably all ~ may have 
noticed that the practice has not been 
observed consistently in the newsletter The 
sky has not yet fallen, and indeed not a single 
letter of protest has been received. Is the 
tradition outmoded? Few would favour the 
artificial bonhomie of first names used as a 
routine, but should we not move into line 
with usual social conventions whereby both 
first names and surnames can each be used as 
is appropriate. We look anxiously to the sky .. 

The membership of the Data Managernent 
Committee was mentioned in the September 





newsletter: Parker (chairman), Campbell, 
Hubner, Macfarlane, Nathan, Poloniek, 
Rickards, Chamberlain, K Taylor, and a 
paediatric cardiologist. Michael Tynan has 
now agreed to fill the paediatric slot, and the 
committee has been enlarged by the addition 
of another District General Hospital car- 
diologist - Tony Mourant. This 1s an mpor- 
tant committee for many reasons, but not 
least because of the implications for audit. It 
Ig setting about the task of developing an 
agreed data dictionary for all the major areas 
of cardiology and cardiac surgery in regional 
centres and district general hospitals. This 
must work in conjunction with the clinical 
information services that are being 
introduced into the National Health Service. 

You will soon be seeing the results of the 
1990 staffing survey that was completed in 
August. The growth in consultant numbers 
remains at about 5% a year and this must be 
maintained for the next decade if we are to 
match by then the target of 150 new posts that 
we calculate we need now for adequate prov- 
sion of the service. This number is made up 
of 60 new posts for the centres to cope with 
the present shortfall plus the emerging needs 
of angioplasty, 40 new posts for districts that 
at present have no cardiologist, and 50 posts 
for the larger districts that have one post but 
by our existing guidelines need two. By the 
end of the decade the goal posts will have 
moved so ıt may bea very long time before we 
catch up with our true requirements. We have 
to watch carefully the number of traiming 
posts to ensure that we will be able to meet 
future growth, as well as the need for 
replacements Retirements do tend to be 
cyclical and our predictions based on our 
surveys are therefore of critical importance. 
They have proved reliable over the past 12 
years and they will continue to give us the 
information we need. Our hope 1s that the 
system can be flexible enough to respond to 
future requirements. We have long known 
that a bulge in retrrements starts in 1997 and 
continues for several years thereafter. Our 
training programmes extend over 81x or seven 
years so we must be looking ahead now if we 
are not to have a shortfall. At present we 
probably have too many within the registrar 
grade who aspire to a career in cardiology. 
This requires an adjustment which will be 
made by the Joimt Planning Advisory Com- 
muttee under the guidance ~ we trust — of the 
Royal College of Physicians in conjunction 
with the society. But we are likely to need 
some increase in senior training posts, and we 
must resist unrealistic cuts at registrar level. 


The reductions in the number of registrars is- 


intended to bea 10 year programme and there 
are grave risks ın making cuts that are rapid 
and Draconian. 

Publication of the current staffing survey is 
being held up because we wish to unclude with 
it the results of the 1989 facilities survey. This 
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was not completed last year because many 
districts (including several major centres) did 
not return their queshonnaires despite 
several reminders by post and telephone. 
Please remember that data provide strength 
to our negotiating position. The new 
arrangements, whereby our surveys are con- 
ducted by the Trafford Centre which is 
within the University of Sussex and under the 
direction of Richard Vincent, enable us to be 
more persistent. At the end of the day the 
minority of recalcitrant colleagues (we sym- 
pathise with their problems though we won’t 
admit ıt) will realise there is no reasonable 
escape and rapid response may be easiest in 
the end. That is the view we are anxious to 
promote, especially as surveys are now to be 
annual rather than biennial events. Mean- 
while only a few districts are holding out and 
the forces arrayed against them are gaining 
strength. When you read this the battle will 
be won. 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Soctety 
PAUL OLDERSHAW 
Secretary, British Cardiac Soctety, 
4 St Andrew’s Place, 

London NW1 4LB 





NOTICES 


British Cardiac Society 

The Annual Meeting will take place at the 
Scottish Exhibition Centre, Glasgow on 30 
April to 3 May 1991. The closing date for 
receipt of abstracts will be 10 December 1990. 





Cardiology and cardiac surgery 

An international workshop on Updates in 
Cardiology and Cardiac Surgery, jointly 
organised by the Heart Institute, St Vincent’s 
Hospital and Medical Center, Portland, 
Oregon, and the Institute of Cardio- Vascular 
Diseases, Madras will be held in Madras on 
11 to 13 January 1991. Information from 
Institute of Cardio-Vascular Diseases, 180 
NSK Salar, Madras — 600 026, India 


Cardiac pacing and electrophysiology 
The IXth World Symposium on Cardiac 
Pacing and Electrophysiology will be held in 
Washington, DC on 28 to 31 May 1991. For 
information write to the North American 
Society of Pacing and Electrophysiology, 377 
Elliott Street, Newton Upper Falls, MA 
02164, USA. 


Computers in cardiology 

The Eighteenth International Conference on 
Computers in Cardiology will be held in 
Venice on 23 to 26 September 1991. Inquiries 
to Computers in Cardiology, c/o LADSEB- 
CNR, Corso Stati Uniti 4, 35020 Padova, 
Italy Telephone: +39-49-8295702. Fax. 
+ 39-49--8295649. 
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THE LEICESTER 
CARDIAC RADIOLOGY 
COURSE 


A one-day basic course in Cardiac 
Catheter Lab. Radiology for 
Cardiologists and Radiologists 


including: Coronary anatomy; How to 
influence image quality; Angiography for 
angioplasty; Quantitative angiography 


Thursday 24th January 1991 
Glenfield General Hospital, Leicester. 


Organisers: 
Dr C Reek, Professor DP de Bono 
Registration fee: £25.00 


For details and registration contact 


Mrs F Legate, Dept of Cardiology, 
Glenfield General Hospital, Leicester LE3 9QP 
Tel: (0533) 871471 ext. 3038 





Educational Content approved by Royal College of Radiologists 

























Tel: (0742) 344231. Fax: (0742) 314966. Telex: 547538 


Calculate with confidence: 


Confidence Interval Analysis (CIA) is a computer program 
that takes the sweat out of calculating confidence intervals. 
Devised by Martin Gardner, professor of medical statistics, 
MRC Environmental Epidemiology Unit, University of 
Southampton, the IBM compatible program is menu driven 
with easy access to each chapter and to the method required 
within each chapter. Topics covered include calculating 
confidence intervals for: 


e means and their differences 

e proportions and their differences 
* regression and correlation 

* non-parametric analyses 


For each method relevant intermediate statistics and the 
required confidence interval are produced on the screen. 


Complete with its own manual, the program (available on 
51,” or 31⁄4” disk) may also be used in conjunction with the 
book * Statistics with Confidence, which provides numerous 
worked examples. 


£65.00. Educational establishments, research institutes, 
and the NHS — £45.95. Prices include VAT in the UK and 
air mail despatch abroad 


*XUK £7.95; Abroad £9.50 

BMA members UK £7.45; Abroad {9.00 

Please enclose payment with order (stating size of disk 
required), or send us full details of your MASTERCARD, 
VISA or AMERICAN EXPRESS credit card. 


Order from: BRITISH MEDICAL JOURNAL 
PO Box 295, London WCI1H 9TE 





Relied upon by 
leading surgeons, 
Swann-Morton blades are as 
worldwide as their reputation for quality. 
Alongside their classic surgical range, there 
are the “Major” orthopaedic blades, “Minor” 
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Restenosis after angioplasty 


A H Gershlick, D P de Bono 


Coronary angioplasty is now an accepted form 
of treatment for patients with ischaemic heart 
disease. In the United States 100000 
procedures were performed in 1988; and in 
1990 the procedure will reach parity with 
coronary surgery. In the United Kingdom 
just over 5000 procedures were performed in 
1988.’ It is clear that angioplasty is here to 
stay and that the indications, particularly in 
the United Kingdom, will expand. More 
operators will undertake multivessel, multi- 
lesion dilatations, though the results of 
various comparative trials such as the Coronary 
Artery Bypass Revascularisation Investigation 
(CABRI), Randomised Intervention Treat- 
ment of Angina (RITA), Bypass Angioplasty 
Revascularisation Investigation (BARI), and 
Emory Angioplasty Surgery Trial (EAST) 
may influence patient selection for percuta- 
neous transluminal coronary angioplasty. The 
major limitation of this procedure is the high 
incidence of restenosis. Despite increased 
understanding of the pathophysiology of res- 
tenosis over the past ten years we are still 
unable to influence significantly the rate of 
this complication. The incidence of restenosis 
varies between 17% and 40%.** The varia- 
tion may be the consequence of whether there 
has been complete angiographic follow up as 
well as the way that restenosis is defined. 


Pathophysiology 

Balloon angioplasty causes longitudinal and 
circumferential splits in the vessel wall with 
disruption of the endothelium, intima, and 
media.’* Healing involves endothelial re- 
growth and stabilisation of the intimal and 
medial injury. In general, superficial endo- 
thelial injury leads to local platelet and 
leucocyte adhesion, but most of the platelets 
do not undergo a release reaction. In these 
circumstances re-endothelialisation is rapid 
and there is no subintimal proliferative res- 
ponse. The response to deep endothelial 
injury, which by definition occurs in success- 
ful angioplasty, is more complex, however. 
Platelet activation may be initiated by contact 
with deep intimal or medial collagen and con- 
tact with microfibrils and basement mem- 
brane contained within the vessel wall. 
Coagulation factors may be released from 


damaged cells, and intramural thrombus for- 
mation is probably common. The rate and 
adequacy of human endothelial regrowth have 
not been studied, but may be slow and in- 
complete. Part of the repair process involves 
the proliferation and migration of medial 
smooth muscle cells. 

Restenosis after angioplasty is most com- 
monly due to an excessive local proliferation 
of these smooth muscle cells—fibromuscular 
intimal hyperplasia. This has been shown 
both at necropsy’ and more recently in vivo by 
means of atherectomy devices.’°'' Because 
activated platelets release platelet derived 
growth factor, which has been shown to cause 
migration and to influence proliferation of 
smooth muscle cells in vitro, ıt is tempting to 
link this proliferation with platelet activation 
and release at the tıme of the original injury, 
or with the continuing effects of platelet 
activation in the presence of a leaky endo- 
thelium. Any such theory has to take into 
account, firstly the relatively slow time course 
of restenosis and, secondly the failure of 
platelet inhibitory treatments to influence it in 
any way. There have been several clinical 
trials of aspirin, fish oils, and other substances 
known to affect platelet function. Trials of 
aspirin in the prevention of restenosis have 
been unsuccessful, irrespective of the dosage 
used.) In one animal model of intimal 
hyperplasia aspirin actually enhanced pro- 
liferation, possibly by blocking prostacyclin 
production. $ 

Aspirin may be ineffective because it in- 
hibıts the wrong pathway ın platelets, because 
the process of proliferation, once started, is 
self perpetuating, or less likely because 
platelet activation really has nothing to do 
with restenosis. The cyclo-oxygenase pathway 
that is blocked by aspirin is not required, for 
example, for the adhesion and activation of 
platelets by fibrillar collagen, thrombin, or 
platelet activating factor, all of which are 
likely to be exposed after angioplasty damage. 
Indeed it has been shown that platelets can 
adhere and be activated by collagen in the 
presence of aspirin. Much more potent plate- 
let anti-aggregants are now available, includ- 
ing monocional antibodies to the glycoprotein 
IIb/IIIa integrin complex and von Willebrand 
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factor, and snake venom peptides containing 
the specific platelet adhesion -sequence. The 
problem is that they have greater effects than 
aspirin on haemostasis and their long term use 
is unlikely to be practicable. Additionally, von 
Willebrand factor and the glycoprotein in- 
volved ın it causing platelet adherence 
(glycoprotein Ib) may be important only at 
high shear stress, a state unlikely to be present 
after successful angioplasty. 

An initial proliferative response, set off by 
injury, with or without a contribution: from 
platelets, might become self perpetuating. In 
vitro work suggests that only certain smooth 
muscle cell types proliferate and migrate” and 
also that under certain circumstances smooth 
muscle cells (modified mesenchymal type) 
may themselves secrete active growth factors, 
thus producing a “positive feedback” effect.'® 
This has not been shown, however, for all 
types of proliferating smooth muscle cells. 
Alternatively, the initial proliferative stimulus 
may activate clones of smooth muscle with a 
greater proliferative capacity and less sen- 
sitivity to the usual controls (as shown by-the 
Benditts’ work on clonality in atheromatous 
plaques"). The ability to retrieve proliferating 
smooth muscle from the vessel during coron- 
ary atherectomy will enable both hypotheses 
to be tested. If it can be shown that the initial 
trigger is. required for a short time only and 
that the smooth muscle cell response becomes 
self perpetuating or independent thereafter 
then a case could be made-for short term, high 
intensity treatment to prevent an excessive 
platelet/thrombotic response,” followed by 
longer term treatment aimed more directly at 
controlling smooth muscle proliferation. A 
recently completed study undertaken at the 
London Chest Hospital showed that prosta- 
cyclin given as a 36-h intravenous infusion in 
doses that can be tolerated did not prevent 
restenosis.”) 

In vitro studies on smooth muscle prolifera- 
tion emphasised the importance both of 
extracellular matrix and of families of growth 
factors whose -peptide sequences have been 
determined but whose biological significance 
often remains unclear. One family of growth 
factors has a strong affinity for heparin; and 
the antiproliferative effect of heparin in some 
animal systems may be due to this rather than 
any effect on coagulation.*” Cells that are 
moving into a proliferative phase often ex- 
press the products of a series of genes called 
proto-oncogenes. A well known smooth 
muscle proto-oncoene called mas has recently 
been shown to control the expression of a 
receptor for angiotensin IJ. This may, or may 
not, have something to do with the empirical 
observation that angiotensin converting 
enzyme inhibitors can suppress vascular 
smooth muscle proliferation, and proto- 
oncogenes are currently being assessed for 
their ability to-influence restenosis. Familiar 
drugs sometimes work in unfamiliar ways, and 
we are shortly likely to have more drugs 
available that have been specifically targeted 
against smooth muscle proliferation. We have 
been through the phase of attempting to do 
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something about the platelets and have so far 
failed. This does not necessarily mean that 
blood factors are not involved or important— 
but we do not yet have readily available agents 
that can fundamentally modify the blood ves- 
sel wall interaction and retain an acceptable 
margin of therapeutic safety. Two major 
assets in the assessment of new drugs and 
other anti-restenosis strategies would be good 
animal models for restenosis and a much 
clearer and more logical approach to the 
measurement of human restenosis. 


Definitions of restenosis 

The patient and the referring physician, are 
primarily interested in the relief of symptoms 
and preventing their recurrence. Symptoms 
are too variable a phenomenon to allow scien- 
tific study of quantitation of restenosis or 
evaluation of measures to prevent it. In clini- 
cal trials there is no substitute for follow up 
angiography of all patients, something that 
has been lacking in many large follow up 
studies, particularly in the United States. 
‘There are several definitions of restenosis but 


. they essentially fall into two groups: those 


based on relative measurements and those 
based on absolute measurements. Examples of 
relative measurements include “‘presence of a 
50% diameter stenosis on follow up in a 
patient with less than a 50% stenosis im- 
mediately post angioplasty” and “a 30% 
increase in % diameter stenosis from the 
immediate post angioplasty - estimate”. 
Holmes and colleagues compared four differ- 
ent “relative measurement” definitions of res- 
tenosis and found that the most sensitive was 
“loss of 50% of the gain in diameter at 
PTCA”. The major problem with relative 
measurements is that they assume that the 
diameter of a reference segment of the coron- 
ary tree will remain constant, and we now 
know that this assumption is invalid. 

Serruys and his colleagues measured both 


‘stenosis and reference segment diameters 


immediately after angioplasty and at follow up 
(using catheter tip size as a further internal 
reference marker) and found a significant 
reduction in reference segment diameter in 
patients with restenosis.“ There is a straight- 
forward biological explanation for this: we 
now know that the arterial diameter is actively 
modulated by endothelial shear stress, prob- 
ably working through endothelium derived 
relaxing factor (nitric oxide); a stenosis will 
reduce runoff and diminish flow velocity and 
hence shear stress in the segment proximal to 
it, with consequent involution of the vessel. If 
we use another vessel rather than a proximal 
segment- as the reference point, the converse 
will apply, with increased collateral circula- 
tion perhaps increasing the reference segment 
diameter. To take an extreme example, sup- 
pose we start with a 1 mm diameter stenosis in 
a 3 mm vessel-and dilate it to 2 mm. At follow 
up the treated segment has reverted to a 
diameter of 1 mm, but the reference segment 
has involuted to a diameter of 1-5 mm. In 
relative terms there is no restenosis, but 
obviously the procedure was a biological 
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failure. The Rotterdam group have suggested 
that the criterion for restenosis should be a 
decrease in stenosis diameter which is equal to 
or more than twice the standard deviation for 
the variability in making repeated measure- 
ments of vessel diameter. For the technique 
they use this is 0-72 mm. The use of twice the 
standard deviation is a long established scien- 
tific convention; it is perhaps unfortunate that 
the figure of 0-72 mm has sometimes been 
quoted out of context and therefore seems 
arbitrary whereas it is merely a statistical 
measurement, derived from the Rotterdam 
group’s own data, that takes account of the 
change that could be due to chance when a 
lesion is observed on two occasions. Applica- 
tion of such a figure to individual lesions 
measured by different techniques or in 
different patient groups may be inappropriate. 


In the study recently completed at the Lon- - 


don Chest Hospital the standard deviation of 
the measurement of video densitometry was 
0-315 mm (0-63 mm = 2 SD),”! 

The other problem with measuring absolute 
change and its standard deviation is that it does 
not take account of what would have happened 
if there had been no angioplasty—this 
information can only be obtained by some 
reference to the native, non-angioplastied 
coronary circulation. It may be true that overall 
the trend is for the reference ‘“‘normal”’ 
diameter lumen to fall with time, however, the 
individual will vary and indeed the diameter of 
a non-angioplastied vessel could actually 
increase in some individuals. Nobuyoski et al 
have combined the apparent benefits of using 
absolute values with the sensitivity of the “‘loss 
of 50% of the gain” definition.” This is 
probably a good compromise, with restenosis 
being defined as “loss of 50% of absolute gain 
in mm”. 

As newer techniques appear the precision of 
measurement will improve and the criteria of 
restenosis will seem to get stricter. This does 


not matter if all we are interested in is the- 


scientific comparison of two groups of patients 
in a controlled trial. In this case, -we should 
avoid arbitrary definitions of restenosis and use 
absolute changes in stenosis diameter as 
continuous variables (any apparent advantage 
in using stenosis area rather than mean dia- 
meter is probably illusory). Whichever defi- 
nition is used for restenosis it needs to be 
clearly stated and justified in any published 
data. 


Conclusion 

Itis clear that restenosis is still a major problem 
after percutaneous transluminal coronary 
angioplasty. The data of Serruys and 
Nobuyoski indicate that the restenosis rate 
peaks within the first six months and is at least 
25%” and may be 49%.” Until there are drugs 
that significantly inhibit adhesion of platelets to 
damaged vessel walls or until there is some way 
of making the damaged vessel wall unattractive 
to platelets, it may be more useful to turn our 
attention to preventing the consequence of the 
release of growth factors by platelets and white 
cells——namely smooth muscle cell prolifer- 


353 


ation. Drugs are currently being evaluated that 
may limit the response of the smooth muscle 
cells. Only when the restenosis rate is reduced 
will percutaneous transluminal coronary 
angioplasty have fulfilled its true potential. To 
allow this we need clear definitions of restenosis 
applied to well constructed properly controlled 
clinical trials with high angiographic follow up. 
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Christmas editorial 





Up tempo, down tempo 


There is a poorly researched consensus that 2/4 and 4/4 
rhythms originate from imitations of the human heart-beat 
and some evidence that changes in the tempo of music 
induce changes in the heart rate and mood of the listener.’ 
Recordings of instrumental music reduced complications 
in patients admitted to a coronary care unit with presumed 
myocardial infarction.” Another study, however, showed 
that those left in peace fared just as well.’ In a neonatal 
intensive care unit the Moonlight Sonata played to pre- 
mature infants (gestational age 33-35 weeks) significantly 
reduced heart rate, blood pressure, and respiratory rate: a 
recording of the Sabre Dance did not.‘ 

A study reported in this issue (p 388) shows that the heart 
rates of orchestral musicians rose significantly during 
rehearsals and performance. The effect of playing music on 
heart rate was greater for the music of Rachmaninov and 
Tchaikovsky than for Richard Strauss and Mozart. Some 
individuals achieved heart rates that they would probably 
have had difficulty in sustaining had these rates been 
induced by exercise. 

Surveys of performing instrumental musicians show that 
about half of them have medical problems related to 
playing, some of which threaten or terminate their careers.” 
Recently, there have been indications that these problems 
have gained wider recognition and have been treated more 
sympathetically. The main problems are psychological 
stress, including stage fright, and muscle overuse syn- 
dromes. 

A study of orchestral players in London commissioned 
by the British Performing Arts Medicine Trust showed 
that among 222 musicians 72% experienced nervousness 
during a performance that interfered with their playing and 
a fifth of these reported that this happened frequently.’ In 
that survey 21% took $ blockers, tranquillisers, or alcohol 
to control nervousness before a performance, and 28% took 
one or other of these agents before an audition. Musicians 
from provincial British orchestras gave more concerts and 
had fewer rehearsals than those in continental Europe. Not 
surprisingly, the British musicians had more performance- 
related anxiety than their continental counterparts.’ The 
risks and benefits of $ receptor blocking drugs and 
tranquillisers for musicians should be carefully assessed in 
each individual.® 

In the United States, a survey organised by the Inter- 
national Conference of Symphony and Opera Musicians 
showed that 39% of 2212 players from 47 orchestras who 
responded had psychological problems including acute 
anxiety in 13% and cardiovascular problems in 18%.’ 
These cardiovascular problems included hypertension 
(10%) and “‘heart conditions” (4%) and their occurrence 
was positively correlated with the musician’s perception of 
the amount of stress experienced.” Some 40% of the 
orchestral musicians surveyed had tried prescribed 
medication for the treatment of stage fright and most (92%) 


had found it effective. The drugs most used were f receptor 
biocking agents and 27% of the musicians had used 
propranolol or some other f receptor blocker. Women 
(31%) were more likely than men (26%) to use these drugs 
and they were more commonly taken by those under 35 
(30%) than by those over 45 (20%). Not all use of $ 
blocking drugs among orchestral musicians was for treat- 
ment of stage fright: 19% of users had them prescribed 
daily for conditions affecting the heart, for headache, or for 
some other indication. Another group (11%) had been 
prescribed 8 receptor blocking drugs but took them 
occasionally, presumably for stage fright. In this American 
survey, however, most of those using f receptor blocking 
drugs did so without a doctor’s prescription. Those who 
had been prescribed $ blockers, both inside and outside the 
orchestra, were the major suppliers of B blockers to 
musicians. 

Does this occupational stress matter? In terms of the 
happiness of individual musicians and the difficulty that 
they have in maintaining cardiovascular fitness in a seden- 
tary occupation, it might be surmised that they mostly have 
short, unhappy careers. However, a fascinating study of 
retired musicians all aged over 80 from one of America’s 
great symphony orchestras challenged this view.’° Their 
careers, which began in the 1920s and 1930s, were long and 
some retired only when they were well over 70. Players of 
string instruments had longer careers than players of brass 
and woodwind instruments. Although these retired 
musicians continued to love music and to listen to it after 
retirement, few continued to play seriously. 


RICHARD M PEARSON 
The Musicians’ and Keyboard Climc, 
7 Park Crescent, London WIN 3HE 
and Department of Chmcal Pharmacology, 
St Bartholomew s Hospital Medical College, 
London EC1A 7BE 
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A systemic non-lytic state and local thrombolytic 
failure of anistreplase (anisoylated plasminogen 
streptokinase activator complex, APSAC) in acute 


myocardial infarction 


Johan Brugemann, Jan van der Meer, Bert H Takens, Hans Hillege, Kong I Lie 


Abstract 

The relation between coronary throm- 
bolysis and coagulation variables after 
administration of anistreplase (anisoy- 
lated plasminogen streptokinase activator 
complex, APSAC) was studied in 
patients with an acute myocardial in- 
farction. Fifty eight consecutive patients 
with acute myocardial infarction were 
given 30 U of anistreplase intravenously 
within 4 hours of the onset of symptoms. 
A fall in the plasma concentration fib- 
rinogen to <1:0 g/l 90 minutes after 
administration of anistreplase was con- 
sidered to reflect a systemic lytic state. 
Coronary angiography was performed 48 
hours after thrombolytic treatment. The 
overall patency rate was 74% (43/58). 
Patency rates were significantly dif- 
ferent in patients with a systemic lytic 
(83% (43/52)) and a systemic non-lytic 
state (0% (0/6)). The absence of a sys- 
temic lytic state after anistreplase 
administration seemed to be highly 
predictive of the failure of coronary 
thrombolysis. Coagulation studies 
showed evidence of inhibition of anistre- 
plase induced fibrinolytic activity which 
may explain the failure of thrombolytic 
treatment in patients with evidence of a 
systemic non-lytic state. 


Thrombolytic drugs reduced mortality in 
patients with acute myocardial infarction 
treated within 6, 12, or even 24 hours of the 
onset of symptoms.” When treatment was 
started within the first 4-6 hours after the 
onset of chest pain, reperfusion was shown in 
most of the infarct related coronary arteries. 
However, in up to 30-40% of the patients no 
reperfusion could be achieved.‘ Failure of 
thrombolytic treatment has been reported 
irrespective of the drug used.‘ The con- 
figuration of coronary obstruction may be an 
important determinant of the success of treat- 
ment,’ but inhibition of drug activity has 
never been ruled out. 

In general, streptokinase and anistreplase 
(anisoylated plasminogen streptokinase acti- 
vator complex, APSAC) caused comparable 


changes in haematological variables such as 
fibrinogen, plasminogen, and œ, antiplasmin 
during the first 24 hours after they were 
given. These changes were ascribed to 
systemic effects. Some patients, however, 
showed no substantial decrease in plasma 
fibrinogen after anistreplase or streptokinase 
administration.’ This suggests resistance to 
these drugs. It has been suggested that a 
systemuc lytic state, defined as a low plasma 
concentration of fibrinogen after thrombolytic 
treatment, is a prerequisite for local thrombo- 
lytic efficacy.® 

To investigate the possibility of drug 
resistance as an explanation for failure of 
thrombolytic treatment, we performed a 
retrospective study to assess the relation 
between the systemic fibrinolytic effects and 
the local efficacy of anistreplase in patients 
with acute myocardial infarction. 


Patients and methods 

PATIENTS 

We studied 58 consecutive patients (47 men, 11 
women), mean age 57 years (range 34-71), who 
presented within 4 hours of the onset of chest 
pain. Selection criteria for thrombolytic treat- 
ment included the presence of characteristic 
symptoms of myocardial infarction and ST 
segment elevation of at least 0-1 mV in one or 
more of the standard leads or at least 0-2 mV in 
two or more of the precordial leads in a 12 
lead electrocardiogram and the presence of 
symptoms unresponsive to sublingual glyceryl 
trinitrate. We excluded patients with contra- 
indications for thrombolytic treatment and 
those who had been treated with streptokinase 
or anistreplase within the previous 6 months. 


STUDY PROTOCOL 

Patients were treated with 30 U of anistreplase 
(Eminase, SmithKline Beecham) administered 
intravenously in 4-5 minutes. Infusion with 
heparin (30 000 U in 24 hours) was started 4-6 
hours after thrombolytic treatment and was 
continued until an adequate level of anti- 
coagulation had been achieved with oral acen- 
ocoumarol, which was started after 48-72 
hours. To assess patency of the infarct related 
artery, coronary angiography was performed 
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48 hours (range 36-60) after the administration 
of anistreplase in all patients. In the first 30 
consecutive patients patency was also assessed 
after 90 minutes (range 1 to 3 hours). Patency 
was documented according to the score used in 
the thrombolysis in myocardial infarction 
(TIMI) trial.’ Scores of grade 0 or 1 indicated 
occlusion of the infarct related vessel and 
grades 2 and 3 patency. 


COAGULATION ANALYSES 

Coagulation and fibrinolytic variables were 
studied immediately before and 90 minutes and 
48 hours after anistreplase administration. 
Venous blood samples were collected on ice in a 
1/10 volume 305% trisodium citrate for 
measurements of fibrinogen, plasminogen, «, 
antiplasmin, reptilase time, and euglobulin clot 
lysis time. Assays were performed immediately 
or plasma was stored at —80°C for analysis 
later. Fibrinogen was measured according to 
the method of Clauss.” Plasminogen and œ 
antiplasmin assays were performed with a syn- 
thetic chromogenic substrate (Kabi) according 
to the method of Friberger et al.” Reptilase 
time was determined by the method of Soria et 
al’? and euglobulin clot lysis times by the 
method of Buckell.’* The assay for fibrinogen/ 
fibrin degradation products was carried out on 
serum collected at the times mentioned above 
with a latex agglutination kit (Wellcome) 
according to the method of Pitcher." 

A systemic lytic state was defined as a 
decrease of the- plasma concentration of 
fibrinogen to below 1-0 g/l, measured 1-5 hours 
after the administration of anistreplase. 


STATISTICAL ANALYSIS 

Plasma concentrations of fibrinogen, plas- 
minogen, and œ, antiplasmin were expressed as 
mean (SD). Statistical comparisons between 


Table 1 Coagulation variables of all patients stratified according to fibrinolytic state 


Variable 


Fibrinogen (g/1). 
ore 
90 minutes after 
48 h after 


Plasminogen (%) 
Before 


90 mun after 
48 h after 


a, antiplasmin (%), 
Before 
90 mun after 
48 h after 


Reptlase time (s) 
Bef 


Fibrinogen/fibrin 
products (ug/l) 
Before 
90 min after 
48 h after 


Lyttc Non-lytte p valuet 
3 1 (096) 2 9 (0 48) NS 
00 (0 15)* 23(0 78)t <0 0] 
2 5 (0 68)* 4 2 (0 84) <0 01 

97 (18) 104 (6) NS 
11 (13)* 57 (9)* <0 01 
55 (13)* 78 (12)t <0 01 
93 (14) 90 (12 NS 
4 (5)* 35 (2 <0 01 
80 (16)* 99 (8) <001 
19 (10-27) 19 (18-20) NS 
109 (44~-201)* - 24 (18-31) <001 
19 (15-23) 20 (19-21) NS 

> 120 (> 120) > 120 (> 120) NS 

<10(<10)* <10(<10-15)t NS 

> 120 (95~> 120) > 120 (> 120) NS 

degradation 
<8 (<8) <8 (<8) NS 

> 256 (<8->256)* <8 (<8) <0 01 

36 (< B> 256)t <8(<8) <0 05 


ay < SUI p aS Ih < 0 05 v baseline, tp value for between group com 
brinog 


plesmino 


gen, and q, anuplasmin 
Siplotl int lysis time, and fenassenfibon 


parison. 
ressed as mean (SD). Values of repulase time, 
tion products as median (range). 
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patients showing a systemic lytic state and a 
systemic non-lytic state were performed -by 
means of Student’s t test for independent 
samples. Comparisons within the groups were 
made with the paired Student’s ¢ test. 

Measurements of reptilase time, euglobulin 
clot lysis time, and fibrinogen/fibrin degrada- 
tion products were expressed as median 
(range). Patient groups were compared by the 
Mann-Whitney U/Wilcoxon rank sum test. 
Differences within the groups were tested .by 
the Wilcoxon matched paired signed ranks test. 
We used Fisher’s exact test to compare the 
result of treatment in terms of patency and the 
presence of a systemic lytic state. A two tailed p 
value of <0-05 was regarded as statistically 
significant. 


Results 

COAGULATION DATA 

Fifty eight patients were retrospectively 
classified into two groups. Fifty two showed a 
systemic fibrinolytic state and in six patients 
plasma fibrinogen concentrations did not 
decrease below 1-0 g/l. Initial values of fibrin- 
ogen, plasminogen, «, antiplasmin, reptilase 
time, euglobulin clot lysis time, and fibrinogen/ 
fibrin degradation products were similar in the 
two groups (table 1). 

After 90 minutes, fibrinogen, plasminogen, 
and œ, antiplasmin concentrations were 
significantly reduced in both the lytic and non- 
lytic groups. Mean plasma concentrations of 
fibrinogen in the lytic and the non-lytic groups 
were 0-0 g/l and 2:3 g/l (normal range 1:7-3:5); 
of plasminogen 11% and 57% (normal range 
70-130); and of «, antiplasmin 4% and 35% 
(normal range 90-130) respectively. These 
differences were statistically significant. 
Individual values for fibrinogen in the six non- 
lytic patients before and 90 minutes after 
treatment with anistreplase were: 3-3 v 2:7; 2-7 
v 2°3;2:40 1 133-00 2:2; 2-40 1:8, and 3:7 v 3-6 
g/l respectively. The reptilase time was 
considerably prolonged in the lytic group from 
19 to 109 seconds but did not change in the 
non-lytic group (19 v 24 seconds). Euglobulin 
clot lysis time was shortened from > 120 before 
to <10 minutes after the administration: of 
anistreplase in both groups (normal value 
>120 minutes). Serum concentrations’ of 
fibrinogen/fibrin degradation products 
remained within normal ranges (<8 pg/ml) in 
the non-lytic group, whereas they were con- 
siderably increased in the lytic group (median 
value > 256 pg/ml). 

These changes declined after 48 hours. At 
that time mean plasma concentrations of fibrin- 
ogen, plasminogen, and a, antiplasmin were 
still significantly lower in the lytic group, and, 
with the exception of fibrinogen, below the 
normal ranges. Values for reptilase time, 
euglobulin clot lysis time, and fibrinogen/ 
fibrin degradation products were normal: or 
almost normal. 


PATENCY 
Ninety minutes after anistreplase administra- 
tion angiography showed patency in 20 (67%) 
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Table 2 Relation of coagulation variables to patency of infarct related vessel 48 hours 
after treatment with anstreplase 


Patency 
Non-patency 
Total 


Lyttc state Non-lyne state p value 

43 0 0 00012 
9 6 

52 6 


of 30 patients. No early reocclusion occurred in 
these patients. Overall patency at 48 hours was 
achieved in 43 (74%) of 58 patients. The 
patency rate was 83% (43/52) in the patients 
showing a systemic lytic state and 0% (0/6) in 
those showing a systemic non-lytic state (table 
2). The relation between systemic non-~lytic 
state and non-patency of the infarct related 
vessel was statistically significant (p < 0-001). 


Discussion 
The predictive value of a systemic lytic state for 
the efficacy of thrombolytic treatment with 
streptokinase, urokinase, or anistreplase was 
the subject of several previous studies. White et 
al did not find that systemic haematological 
markers of fibrinolysis were helpful in explain- 
ing the success or failure of intracoronary 
thrombolysis. In contrast, Rothbard et al 
showed a close relation between a systemic lytic 
state and reperfusion of the infarct related 
vessel.® Burket et al stated that a systemic lytic 
state, rather than being considered an adverse 
effect of treatment, might serve as a reasonable 
clinical goal when thrombolysis 1s attempted."® 
Lew et al showed that high residual fibrinogen 
concentrations identified patients in whom 
thrombolytic treatment was relatively ineffec- 
tive.” It ıs difficult to compare the results of 
these studies. In the first three studies intra- 
coronary streptokinase or urokinase was given, 
whereas in Lew et al’s study streptokinase was 
administered intravenously. The dosages of 
streptokinase varied widely as did the interval 
between onset of chest pain and thrombolytic 
treatment. Finally, a systemic lytic state was 
defined differently in these studies—as a 
reduction in fibrinogen of at least 50%,” of at 
least 10%° or to below 0:5 g/l," and Burket et al 
did not define a cut off point.’ Marder et al 
studied 106 patients treated with streptokinase 
or anistreplase.’ A systemic lytic state was 
defined as a fall of > 20% in plasma fibrinogen 
concentration. In 4 of the 58 patients treated 
with 30 U of anistreplase a systemic non-lytic 
state was found and none of these patients 
achieved reperfusion. None the less, no statis- 
tically significant relation between a systemic 
non-lytic state and failure of reperfusion was 
found. In the remaining 48 patients treated 
with a low dose of intracoronary streptokinase 
there was also no statistical correlation. Despite 
the presence of a systemic non-lytic state 
reperfusion occurred in 10 patients. This 
discrepancy was partly explained by local 
thrombolytic effects of intracoronary strepto- 
kinase. 

In our patients we regarded a systemic lytic 
state as being likely if the concentration of 
plasma fibrinogen was <1:0 g/l 90 minutes 


after the administration of anistreplase. This 
value was chosen because it 1s commonly 
accepted as the haemostatic concentration of 
fibrinogen.'® In the lytic group there was an 
almost complete depletion of fibrinogen, plas~ 
minogen, and a, antiplasmin, associated with a 
short euglobulin clot lysis time, considerably 
prolonged reptilase time, and a high concentra- 
tion of fibrinogen/fibrin degradation products. 
In both the lytic and the non-lytic patients 
there was a comparable shortening of the 
euglobulin clot lysis time. Euglobulin clot lysis 
time reflects the fibrinolytic activity of plasma 
after inhibitors have been removed. Apparent- 
ly, the fibrinolytic system was activated by 
anistreplase in all patients. The moderate 
decrease in plasminogen and «, antiplasmin in 
the non-lytic group also accorded with activa- 
tion of the fibrinolytic system. Because neither 
reptilase time nor the concentration of fibrin- 
ogen/fibrin products changed, whereas the 
fibrinogen concentration decreased but 
remained within normal ranges, it seems likely 
that inhibition was responsible for the limited 
expression of fibrinolytic activity. 

None of the patients ın the non-lytic group 
showed reperfusion of the infarct related 
vessel. Thus fibrinolytic inhibition seems to be 
restricted not only in terms of systemic effects 
but also for local thrombolytic failure. Initial 
plasma concentrations of œ, antiplasmin were 
similar ın both groups. Therefore, it is unlikely 
that this potent inhibitor is responsible for the 
supposed fibrinolytic inhibition. Anti-strep- 
tokinase antibodies from earlier treatment with 
streptokinase or anistreplase can be excluded 
because none of the patients had previously 
received one of these drugs. There may have 
been naturally occurring anti-streptokinase 
antibodies, but they were not sought in our 
patients. 

A systemic non-lytic state 90 minutes after 
the administration of anistreplase in a propor- 
tion of patients with myocardial infarction 
predicted failure of thrombolysis. The absence 
of systemic and local fibrinolytic activity was 
probably due to fibrinolytic inhibitors. These 
compounds are currently under investigation. 
The reported findings are relevant not only to 
explain the mechanism of thrombolytic failure 
but may also have implications for clinical 
practice. A simple and rapid laboratory test to 
detect thrombolytic failure of aniustreplase 
would lead to the option of additional treat- 
ment. 


We thank Beecham Research Laboratories, the Netherlands, 
for providing us with the thrombolytic drug (anustreplase, 
Emunase¢). 
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Excess purine degradation caused by an imbalance 
in the supply of adenosine triphosphate in patients 
with congestive heart failure 


Ichiro Hisatome, Riichiro Ishiko, Hiroyuki Miyakoda, Makoto Saito, Hideyuki Kitamura, 
Toru Kinugawa, Mikihisa Kobayashi, Hiroshi Kotake, Hiroto Mashiba, Ryoichi Sato 


Abstract 

To evaluate purine degradation in 
patients with congestive heart failure 
concentrations of serum hypoxanthine, 
lactate, and noradrenaline were 
measured before and after submaximal 
treadmill exercise in 12 patients with 
chronic congestive heart failure and nine 
healthy volunteers. In four patients the 
concentration of hypoxanthine was sig- 
nificantly higher than in the controls or 
in the remaining eight patients with con- 
gestive heart failure. Venous lactate and 
noradrenaline in the four patients with 
high concentrations of hypoxanthine 
were also significantly higher than those 
in the eight patients with normal con- 
centrations of hypoxanthine. Patients 
who responded normally were also more 
likely to have been treated with 
vasodilators and angiotensin converting 
enzyme inhibitors. Exercise induced arr- 
hythmias were more common in the 
patients with high concentrations of 
hypoxanthine. 

These results suggest that the excess 
purine degradation in patients with con- 
gestive heart failure might be the result 
of a “relative” disturbance in the supply 
of adenosine triphosphate caused by the 
shift of cellular metabolism from 
aerobic glycolysis to anaerobic glycolysis 
during submaximal exercise and that 
hypoxanthine (a substrate for xanthine 
oxidase and a source of free radicals) 
was increased after submaximal exercise 
in some patients with congestive heart 
failure. 


Exercise induces the breakdown of adenosine 
triphosphate (ATP) and an associated increase 
in adenosine diphosphate (ADP) and adeno- 
sine monophosphate (AMP) in the muscle.’ 
Cells try to maintain a high energy charge 
even if the concentration of ATP falls and the 
energy level decreases.27 The formula for 
energy charge (EC): EC=ATP+0-5 ADP/ 
AMP+ADP+ATP, indicates that a reduc- 
tion in the concentration of AMP via activa- 
tion of AMP deaminase, which accelerates 
purine degradation, will keep the energy 
charge high during ATP deficiency. The cells, 
however, can meet energy demands by 
producing ATP through aerobic glycolysis or 
creatinine phosphate. The ATP produced 
blocks AMP deaminase allosterically and 
increases purine degradation. Excess purine 


degradation in the muscle was reported in 
glycogen storage disease of types III, V, and 
VII? In these patients an “absolute” distur- 
bance in the supply of ATP from glyco- 
genolysis or glycolysis during exercise 
facilitated the breakdown of ATP and/or 
increased ADP and AMP, resulting in an 
increase in hypoxanthine—that is, urate 
precursors—by activation of AMP deaminase 
and accelerated purine degradation. In 
patients with hyperthyroidism‘ we found that 
a “relative” disturbance of ATP supply—that 
is the demand for ATP exceeded its supply— 
also induced the excess purine degradation in 
skeletal muscle. 

We now report excess purine degradation 
induced by submaximal treadmill exercise in 
some patients with congestive heart failure. 
We believe that the increase in serum hypox- 
anthine in these patients may have been 
related to a “relative” disturbance in the 
supply of ATP during submaximal exercise 
which may be partly the result of a shift in 
cellular metabolism in the muscles from 
aerobic glycolysis to anaerobic glycolysis. 


Patients and methods 

We studied 12 patients with chronic, stable, 
congestive heart failure class II and nine 
healthy volunteers. Subjects exercised on a 
treadmill according to the modified Bruce 
protocol. They stopped exercising when they 
achieved 85% of their calculated maximal 
predicted heart rate without becoming short 
of breath or fatigued. 

To investigate purine degradation we 
collected venous blood specimens through a 
catheter in the antecubital vein to measure 
serum lactate, hypoxanthine, and noradren- 
aline, creatinine, and creatine kinase after 15 
minutes’ bed rest, immediately after the end 
of exercise, and 5 and 10 minutes after the end 
of an exercise test with 3 minute stages. Blood 
lactate was measured enzymatically. Hypox- 
anthine and noradrenaline were measured by 
high performance liquid chromatography. 


Results 

Figure A shows the changes in hypoxanthine 
from basal concentration—that is the concen- 
tration at rest—in four patients with conges- 
tive heart failure after a submaximal treadmill 
exercise test. The shaded area shows the mean 
(2 SD) increase in plasma hypoxanthine in 
nine healthy individuals after a submaximal 
exercise test. In four patients with congestive 
heart failure plasma concentrations of hypox- 
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Cluncal characteristics of patients with congestive heart fatlure in patients with an abnormal hypoxanthene response 


and a normal response 
Arrhythma 
Group Patient Age and sex Diagnosis Treatment Rest Exercise 
Raised plasma 1 61 F OMI Dig, ca, diu (-) SVPC (+) 
hypoxanthine VPC (+) 
2 55 F MS (—) (—) SVPC ui 
3 40 M MR (—) —) SVPC (+ 
VPC (+) 
4 51M OMI Dig (-) (—) 
Normal plasma 5 56 F MSR Dig SVPC (+) SVPC (+) 
hypoxanthine ` 
6 74 F MSR + ASR Dig, dm, nitrate VPC (+) VPC (4+) 
7 50M OMI Dig, diu, nitrate, ACEI (—) VPC (+) 
8 64 F ASR + MSR Dyg, dru VPC(+) VPC (+) 
9 62 F HTH Ca VPC (+) VPC (-) 
10 59 F IHD Dig, diu, nitrate, ACEI (—) (—) 
11 40 F MS, AR Dig, dru = = 
12 44M ASD (=) SVPC (+) = 


ACEI, ACE mbibitor, AR, aortic regurgitauon; ASR, aortic stenosis and regurgitation; ASD, atrial septal defect, a calum 


antagonist, Dig, digitalis, dru, diuretics, HTH, hypertensive heart 


ischaemic heart disease; MR, mitral 


regurgitation, MS, miral” stenosis, MSR, mitral stenosis and regurgitation; OMI, old myocardial infarction; ” SVPC, 
supraventricular premature contraction; VPC, ventricular premature contraction. 


anthine were considerably increased after sub- 
maximal exercise. In the remaining eight 
patients they were not significantly different 
from concentrations in the healthy volunteers 
(fig B). In the four patients with increased 
concentrations of serum hypoxanthine and the 
eight with normal concentrations the exercise 
test was stopped when they reached 85% of 
the maximum predicted heart rate without 
symptoms. The mean (SD) duration of exer- 
cise was similar in both groups (7-0 (1-3) 
minutes in patients with a high concentration 
and 6:9 (1-7) minutes in patients with a nor- 
mal concentration of hypoxanthine. Figures C 
and D show that increases in lactate and 
noradrenaline from basal concentrations were 
significantly higher in patients with high 
hypoxanthine concentrations after submaxi- 


mal treadmill exercise than in those with nor- 
mal concentrations. 

The table shows the clinical characteristics 
of all the patients with congestive heart 
failure. The range of diagnoses was similar in 
patients with an increased concentration of 
serum hypoxanthine after submaximal exer- 
cise and those without, and the mean ejection 
fraction of the left ventricle in the two groups 
was similar too (543% and 53-22% respec- 
tively). Only one of the four patients with 
high hypoxanthine concentrations was taking 
vasodilators and none of them was taking an 
angiotensin converting enzyme inhibitor. 
However, four of the eight patients with a 
normal hypoxanthine response were taking a 
vasodilator and two others were taking an 
angiotensin converting enzyme” inhibitor. 


Excess purine degradation caused by an imbalance in the supply of adenosine triphosphate n patients with congestive heart failure 


When we remeasured the hypoxanthine res- 
ponse in patient 2 after percutaneous balloon 
dilatation of the mitral valve the serum hypox- 
anthine concentration was normal. 

Three of the four patients with high con- 
centrations of serum hypoxanthine had exer- 
cise induced arrhythmias whereas only one of 
the eight patients with a normal hypoxanthine 
response had exercise induced arrhythmia. 


Discussion 

We showed that the plasma concentration of 
hypoxanthine was increased after submaximal 
treadmill exercise in some patients with con- 
gestive heart failure. Concentrations of blood 
lactate and plasma noradrenaline were also 
increased in these patients. Exercise increased 
plasma hypoxanthine in glycogen storage dis- 
ease types III, V, VIP and hyperthyroidism‘ 
and this increase in hypoxanthine was 
associated with excess purine degradation. 
These findings suggested that hypoxanthine 
was a good index of purine degradation via the 
purine nucleotide cycle, because increased 
AMP deamination via activation of AMP 
deaminase could accelerate the subsequent 
breakdown of inosine monophosphate to 
inosine, thereby leading to the formation of 
hypoxanthine. So the abnormal increase in 
plasma hypoxanthine in four of our patients 
with congestive heart failure may reflect the 
activation of the purine nucleotide cycle in the 
skeletal muscle. Theoretically, plasma purine 
concentrations may be raised by increased 
production or decreased renal clearance of 
these compounds.’ Plasma hypoxanthine con- 
centrations could have been increased by the 
hyperpermeability of the cell membrane or 
decreased renal clearance of hypoxanthine. But 
concentrations of creatine kinase and creatinine 
were similar before and after the exercise test 
(not shown) and other reports’ć suggest that 
the increase in the concentration of hypox- 
anthine was probably caused by increased 
synthesis, with some contribution from 
impaired renal clearance. 

The possible mechanisms of excess purine 
degradation in the skeletal muscle after sub- 
maximal treadmill exercise are: (a) an 
“absolute” disturbance of the supply of ATP 
caused by deficient glycogenolysis or 
glycolysis; or (b) a “relative” disturbance in the 
supply of AT’P—that is, the demand for ATP 
exceeds its supply. Where there was an 
absolute disturbance, such as in glycogen 
storage disease, there was no accompanying 
increase in lactate’; but a relative disturbance, 
such as in hyperthyroidism, was associated 
with an increase in lactate.* In our study, an 
increase in plasma hypoxanthine was accom- 
panied by an increase in plasma lactate. Thus 
excess purine degradation in our patients could 
have been the result of a “relative” disturbance 
in the supply of ATP—that is when the 
demand for ATP exceeded its supply during 
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exercise, because during submaximal exercise 
glycolysis became anaerobic and much less 
efficient than aerobic glycolysis at generating 
ATP. Excess purine degradation was also 
accompanied by an increase in plasma 
noradrenaline. In an earlier study there was an 
inverse correlation between plasma noradren- 
aline and pulmonary artery oxygen saturation, 
showing that the response of the sympathetic 
nervous system changed to meet the oxygen 
demand of working skeletal muscle.’ The 
excess purine degradation in our patients might 
be related to the “‘relative’’ disturbance in the 
supply of ATP in the working muscle caused 
by the cell energy crisis? precipitated by 
hypoxia during exercise. The rise in plasma 
hypoxanthine concentrations may be a good 
index of a deficiency of energy in the cell during 
exercise caused by insufficiency of the peri- 
pheral circulation in patients with congestive 
heart failure. 

This hypothesis accords with the finding 
that plasma concentrations of hypoxanthine 
were much less likely to be high in patients 
treated with angiotensin converting enzyme 
inhibitors and vasodilators. In one patient a 
high plasma concentration of hypoxanthine in 
response to exercise was abolished by per- 
cutaneous balloon dilatation of the mitral valve. 

Hypoxanthine can cause direct tissue injury. 
The enzyme xanthine oxidase converts hypo- 
xanthine to xanthine and uric acid. Release of 
oxygen metabolites during this oxidation 
process peroxidises the cell membrane. We 
found that hypoxanthine, a substrate for xan- 
thine oxidase, was increased after submaximal 
exercise in some patients with congestive heart 
failure. Could direct tissue injury by increased 
hypoxanthine lead to arrhythmia? Certainly, 
exercise induced arrhythmia was more com- 
mon in the patients with high plasma hypo- 
xanthine concentrations than in those without. 
The possibility of a relation between increased 
plasma hypoxanthine and exercise induced 
arrhythmia should be investigated. 


This work was supported by the Ke1jinkai Foundation. We 
thank Dr Akira Takeda for advice 
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Dipyridamole magnetic resonance imaging: 
a comparison with thall1um-201 emission 


tomography 


D J Pennell, S R Underwood, P J Ell, R H Swanton, J M Walker, D B Longmore 


Abstract 

Limitation of space and motion artefact 
make magnetic resonance imaging dur- 
ing dynamic exercise difficult. Pharma- 
cological stress with dipyridamole can 
be used as an alternative to exercise for 
thallium scanning. Forty patients with a 
history of angina and an abnormal exer- 
cise electrocardiogram were studied by 
dipyridamole thallium myocardial per- 
fusion tomography and dipyridamole 
magnetic resonance wall motion imag- 
ing with a cine gradient refocused 
sequence. Images for both scans were 
obtained in the oblique horizontal and 
vertical long axis and short axis planes 
before and after pharmacological stress 
with dipyridamole. The myocardium 
was divided into nine segments for direct 
comparison of perfusion with wall 
motion. Segments were assessed visually 
into grades—normal, hypokinesis or 
reduced perfusion, and akinesis or very 
reduced perfusion. After dipyridamole 
there were reversible wall motion abnor- 
malities in 24 (62%) of 39 patients with 
coronary artery disease and 24 (67%) of 
36 patients with reversible thallium 
defects. The site of wall motion de- 
terioration was always the site of a 
reversible thallium defect. Thallium 
defects affecting more than two seg- 
ments were always associated with wall 
motion deterioration but most single 
segment thallium defects were undetec~ 
ted by magnetic resonance: imaging. 
There was a significant correlation be- 
tween detection of wall motion abnor- 
mality, the angiographic severity of 
coronary artery disease, and the induc- 
tion of chest pain by dipyridamole. 
There were no significant differences in 
ventricular volume or ejection fraction 
changes after dipyridamole between the 
groups with and without detectable 
reversible wall motion changes but the 
normalised magnetic resonance signal 
intensity of the abnormally moving seg- 
ments was significantly less than the sig- 
nal intensity of the normal segments. In 
nine patients the change was apparent 
visually and it was maximal in the 
subendocardial region. 

Magnetic resonance imaging of rever- 
sible wall motion abnormalities in 
patients with coronary artery disease is 
feasible during pharmacological stress 


with dipyridamole and may be as- 
sociated with a reduced magnetic reso- 
nance signal. The failure to show wall 
motion abnormalities in all cases of 
reversible thallium defects may be be- 
cause the defect was small or because 
dipyridamole caused perfusion defects 
in the absence of myocardial ischaemia. 


Magnetic resonance imaging of the cardio- 
vascular system yields both anatomical and 
functional information with clarity and 
accuracy, but its application in patients with 
coronary artery disease has been limited by 
the difficulty of imaging during dynamic exer- 
cise.’ Pharmacological intervention with 
dipyridamole offers a potential solution, and 
its use in combination with thallium-201 
scintigraphy is well established as a method of 
assessing the impairment of myocardial per- 
fusion in territories served by diseased coro- 
nary arteries.” Echocardiography’ and radio- 
nuclide ventriculography* showed that the 
inequalities of perfusion induced by dipyri- 
damole may be sufficient to produce myo- 
cardial ischaemia and regional wall motion 
abnormalities, though the reported incidence 
of such changes is variable.**° We therefore 
wanted to establish the feasibility of magnetic 
resonance imaging after intravenous dipyri- 
damole and to investigate the relation between 
inequalities of myocardial perfusion shown by 
thallium-201 emission tomography and wall 
motion abnormalities shown by cine magnetic 
resonance imaging. 


Patients and methods 

We studied 40 patients (33 men and seven 
women aged 35-75 (mean 54)) with a history 
of chest pain and an abnormal exercise elec- 
trocardiogram. Twenty three patients had had 
a previous myocardial infarction. Magnetic 
resonance imaging and thallium-201 myo- 
cardial perfusion imaging were performed in 
all patients in the two days before coronary 
arteriography and there were no significant 
clinical events in the period between imaging 
and arteriography. Nine patients had three 
vessel disease, 21 two vessel disease, nine one 
vessel disease, and one patient had normal 
coronary arteries. Angina medication was 
stopped at least 12 hours before each study as 
was consumption of beverages containing 
caffeine (tea, coffee, cocoa). None of the 
patients had a history of bronchospasm and 


Dipyridamole magnetic resonance waging 
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none was taking aminophylline or related 
drugs. Each patient gave informed consent 
and the study was approved by the hospital 
ethics committee. 


MAGNETIC RESONANCE IMAGING 

Cine magnetic resonance imaging was per- 
formed with a Picker International MR2055 
scanner operating at 0:5 T. Blood pressure 
was monitored by an automatic pneumatic 
cuff system and intravenous access was estab- 
lished through an indwelling cannula connec- 
ted to fine bore tubing. The electrocardio- 
gram was recorded in the normal way with 
lead CM5. We used a field even echo re- 
phasing (FEER) sequence for cine imaging’ in 
the vertical long axis, horizontal long axis, and 
apical and basal short axis planes. The echo 
time of the sequence was 14 ms and the 
repetition time was adjusted to acquire 16 
images spanning all but the final 60 ms of 
diastole. The field of view was 45 cm, slice 
thickness was 10 mm, and two acquisitions of 
128 phase encoding steps were averaged. The 
images were interpolated from 128 x 256 
pixels to 512 x 512 for display. 

After acquisition of the initial images and 
without removing the patient from the mag- 
net, dipyridamole was infused at a rate of 
0-142 mg/kg/minute for four minutes. In the 
absence of significant symptoms or a fall in 
mean blood pressure of more than 20 mm Hg, 
a further 10 mg bolus was given at 10 minutes 
to maintain effects on wall motion. At the end 
of the infusion cine imaging was repeated in 
the same planes as before the infusion. The 
scanning time before dipyridamole was given 
was approximately 30 minutes including pilot 
images but after dipyridamole was given 
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r 


inferior 


Figure] PDhagram showing oblique imaging planes through the left ventricle. Vertical 
long axts (top left), horizontal long axis (top nght), and short axis (bottom). The four 
walls were divided mto apical and basal segments which with the apex produced a total 
of mne segments for analysis. Short axts images were acquired through the apical and 
basal parts of the ventricle so that each segment was seen independently m two different 


planes. 
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scanning time was shorter because of the 
increase in heart rate, and it was typically 15— 
20 minutes. 


THALLIUM=-201 MYOCARDIAL PERFUSION 
IMAGING 

Dipyridamole was infused intravenously at a 
rate of 0-142 mg/kg/minute for four minutes 
followed by 80 MBq of thallium-201 four 
minutes from the end of the infusion. Emis- 
sion tomographic imaging was started four 
minutes later with a General Electric 400AZS 
gamma camera and a General Electric Star 
computer system. Thirty two planar images 
(64 x 64 pixel matrix, 400 mm field of view, 
30 s per image) were acquired over a 180° arc 
from the right anterior oblique position to the 
left posterior oblique position. Redistribution 
images were acquired after four hours in an 
identical manner. The planar images were 
reconstructed into transaxial tomograms of 
one pixel depth by back projection and a 
Ramp-Hanning filter with a 0-75/pixel cut off 
frequency. From the transaxial tomograms, 
oblique images were reconstructed in the ver- 
tical long axis, horizontal long axis, and short 
axis planes. 


CORONARY ARTERIOGRAPHY 
Judkins’s technique was used with multiple 
views of each vessel, and contrast left ventri- 
culography was performed in the right 
anterior oblique projection. 


IMAGE ANALYSIS 

All images were assessed independently by 
two experienced observers without knowledge 
of the results of other investigations. Dis- 
agreements were resolved by discussion. The 
tomograms were divided as shown in fig 1. 
Wall motion in each segment on the cine 
magnetic resonance tomograms was classed as 
normal, hypokinetic, or akinetic and myocar- 
dial perfusion was classed on the thallium-201 
tomograms as normal, reduced, or absent. 
Because each segment of the myocardium was 
seen in two different planes, a total of nine 
segments was assessed and if the appearance 
of a segment differed between planes, the 
worse of the two classifications was used. A 
wall motion abnormality induced by dipyri- 
damole was defined as a deterioration of at 
least one category and this finding was calleda 
positive magnetic resonance scan. Dipyrida- 
mole induced ischaemia was defined as 
impaired perfusion with redistribution of at 
least one category in the delayed thallium-201 
images. A significant coronary stenosis was 
defined as a reduction of at least 50% of the 
normal luminal diameter. Left ventricular end 
diastolic and end systolic volumes were cal- 
culated from the vertical and horizontal mag- 
netic resonance tomograms by a biplane area- 
length technique.® Stroke volume and ejection 
fraction were derived. 


STATISTICAL ANALYSIS 

Myocardial magnetic resonance signal levels 
and haemodynamic and ventricular volume 
differences before and after dipyridamole 
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Table 1 Haemodynarmme changes before and after intravenous dipyridamole gruen during magnetic resonance imaging 


Before 

Positive scan (n = 24): 
Systolic BP (mm Hg) 134 
Diastolic BP (mm Hg) 79 
Heart rate (beats/min) 67 
Rate x pressure (mm Hg/min) 8955 

. Negative scan (n = 16) 
Systolic BP (mm Hg) 131 
Diastolic BP (mm i) 77 
Heart rate (beats/min) 6] 
Rate x pressure (mm Hg/min) 8047 


After Change (CI) D 
133 -| (—6, +3) NS 
76 m 3 (—6, 0) NS 
85 18 (+13, +23) <0-001 
11240 2285 (+1544, +3344) <0 001 
136 5 (—5, +14) NS 
75 D (—6, +3) NS 
77 16 (+12, +19) <0 001 
10402 2355 (+1418, +3356) <0 001 


Mean values are given in each group and the mean changes with 95% confidence interval (CT). 


BP, blood pressure 


Table 2 Side effects and climcal observations after 
intravenous dipyridamole in 40 patients 





Side effect 


; 


(%) 


Chest pain 
Headache 

Facial flushing 
Dyspnoea 
Nausea 
Arrhythmia 
Tiredness 
Perineal flushing 
Felt unwell 
Legs numb 


* 


BY 
pat ee ee BO Ld Ud ode CH OD 


68 
30 
15 
10 
8 
8 
5 
3 
3 
3 





*Ventncular extrasystoles 1, atrial extrasystoles 1, bigeminy 1. 


were compared by Student’s paired f test, 
with a logarithmic transformation for the 
double product data to achieve a normal dis- 
tribution. Differences between groups were 
compared by a test of covariance. The y’ test 
was also used where appropriate. A prob- 
ability <0-05 was considered significant. 


Results 
CLINICAL EFFECTS OF DIPYRIDAMOLE 
Table 1 shows the haemodynamic response to 
dipyridamole infusion during magnetic reso- 
nance imaging divided according to whether a 
new wall motion abnormality was seen (posi- 
tive magnetic resonance scan) or not seen 
(negative scan). There were no significant 
differences between the two groups in any 
variable before dipyridamole and there were no 
significant changes in blood pressure after 
dipyridamole. The heart rate and double 
product increased significantly after dipyri- 
damole but there was no difference in the 
response between groups with positive and 
negative scans. 

Table 2 summarises the side effects ex- 
perienced by the patients. Six patients (15%) 
had no symptoms, 19 (48%) had non-cardiac 


Table 3 Relation between the number of diseased 
coronary vessels and the ltkelthood of a wall motion 
abnormality induced by dipyridamole (positive MR) 





No of diseased vessels 

0 1 2 3 
Negative MR 1 7 8 0 
Positive MR 0 2 13 9 





y2= 129;p < 001 


side effects, and 27 (68%) had cardiac side 
effects, the commonest of which was chest pain 
which occurred in all 27 patients (68%) some- 
times with dyspnoea. In none of these was the 
chest pain severe and only one patient was 
given aminophylline because of nausea. ‘The 
chest pain occurred between one and four 
minutes after the end of the dipyridamole 
injection and persisted for up to 10 minutes. 
When a further 10 mg bolus of dipyridamole 
was given at 10 minutes, this invariably wor- 
sened the discomfort. Arrhythmias occurred in 
only three (8%) patients and they were un- 
sustained and of no haemodynamic impor- 
tance. Two of these patients had two vessel 
coronary disease with reversible ischaemia of 
one and four segments on thallium imaging and 
the third patient had normal coronary arteries, 
suggesting that there was no relation between 
arrhythmia and the severity of coronary dis- 
ease. 


WALL MOTION BY MAGNETIC RESONANCE 
IMAGING 

The quality of the cine images before dipyri- 
damole infusion was adequate for the analysis 
of wall motion in all patients but, as previously 
observed,’ the contrast between blood and the 
myocardium was better in the two short axis 
planes. The lower contrast in the long axis 
planes complicated the measurement of left 
ventricular volume particularly at end systole. 
Image quality was poorer in some patients after 
dipyridamole, especially in those in whom 
chest pain and tachypnoea developed, but in no 
case did this interfere with the interpretation of 
stress wall motion. 

In all of the 23 patients with previous 
myocardial infarction, regional abnormalities 
of wall motion, wall thinning, or both were seen 
(fig 2). The site of these abnormalities accorded 
closely with the electrocardiogram, thallium- 
201 myocardial perfusion imaging, and x-ray 
ventriculography. Wall motion was normal 
before dipyridamole in the patients without 


Table 4 Induction of chest pain by dipyridamole as a 
predictor of the development of a new wall motion 
abnormality 


No chest pain Chest pain 


No new wall motion abnormality 11 5 
New wall motion abnormality 2 22 


x’? = 133, p < 0-001 


Dipyridamole magnetic resonance imaging 


Figure2 Magnetic 
resonance and thallium- 
201 images of infarction 
without reversible 
ischaemia. The magnet 
images show (A and B 
end diastolic and end 
systolic frames before the 
infusion of dipyridamole 
and (C and D) after the 
infusion of dipyridamole. 
The arrows in B indicate 
an area of myocardium in 
the inferolateral wall that 
was thinned and did not 
contract normally. Ther 
was no change afte? 
dipyridamole stress ( D). 
The site accorded with the 
NOMN-FET ersible defect in the 
stress (E) (arrowed) and 
redistribution (F 
thallium short axts 
tomogram. The patili nt 
had an occluded left 
circumflex artery with 
infarcnion. 





previous infarction, though there was some 
normal variation with apparent hypokinesis in 
the region of the membranous septum and 
some apical thinning and hypokinesis. 

After infusion of dipyridamole wall motion 
deteriorated by at least one grade in at least one 
segment in 24 (60%) patients (fig 3). Of these, 
10 had normal wall motion before dipyrida- 
mole but 14 patients did not. In these patients 
with previous infarction, the new abnormality 
occurred in a normal region in seven, in an 
already abnormal region in four (hypokinesis 
became akinesis), and in both normal and 
abnormal regions in three. The new wall 
motion abnormalities always occurred in the 
territory of an abnormal coronary artery and 


their site accorded closely with the site of a 
reversible thallium-201 defect, although the 
wall motion abnormality was often smaller. Of 
the 16 patients (40%) without a wall motion 
abnormality induced by dipyridamole, nine 
had previous myocardial infarction with ab- 


Table 5 Relation between the number of segments with 
reversible defects of thallium-201 uptake induced by 
dipyridamole and likelihood of a new wall motion 
abnormality 

———————— oe 


Negative MR Positive MR 





0-2 Segmental thallium defects 16 8 


3-9 Segmental thallium defects 0 16 
OEE 
i; 15-1; p < 0-001 
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Figure 3 Magnetik 
resonance and thallium- 
201 images of reversible 
ischaemia. The magnetii 
resonance images show {A 
and B) end diastolic and 
end systolic frames before 
the infusion of 
dipyridamole and (C and 
D) after the infusion of 
dipyridamole ; The pattern 
of contraction was normal 
with uniform systolic 
thickening before infusion 
of dipyridamole B ; The 
end systolic frame after 
dipyridamole ( D) was 
abnormal with impaired 
extent of contraction in the 
anteri septal region black 
arrows). The site accorded 
with that on the stress 
thallium short axts 
tomogram (E) (white 
arrows j. The 
redistribution thallium 
tomogram í F) showed 
complete reperfusion. The 
patient had an occluded 
left anterior descending 
artery with no evidence of 
wifarction, 





normal wall motion and seven had normal wall 
motion. 
There was a strong relation between the 


Lable6 Mean left ventricular volumes before and after dipyridamole in the groups of 
patients with (positive MRI) and without (negative MRI) wall motion abnormalities 
induced by the mnfusion 


Be fore á if fer { ‘ha npe 95 Mh ( I 
Posiuve MRI: 
End diastolic volume (ml 146 138 S 20, +4 
End systolic volume (ml 65 61 4(t=10: 2:2 
Stroke volume (ml 8] 77 j 15, +7) 
Ejection fraction (% 57 58 ] 3, +5) 
Negative MRI 
End diastolic volume (ml 132 130 2 1} + 8) 
End systolic volume (ml 52 47 5 14, +4) 
Stroke volume (ml RO 83 $ O, 416 
Ejection fraction ("% 61 64 3 3 9 


Pennell, Underwood, Ell, Swanton, Walker, Longmore 








extent of coronary artery disease and the like- 
lihood of a wall motion abnormality being 
induced by dipyridamole (table 3). Similarly, 
the development of chest pain after dipyrida- 
mole was a good predictor of the presence of a 
new wall motion abnormality (table 4). One of 
the two patients with a new wall motion 
abnormality but no chest pain had insulin 
dependent diabetes mellitus with a peripheral 
neuropathy. 


THALLIUM-201 MYOCARDIAL PERFUSION 
IMAGING 

Of the 23 patients with previous myocardial 
infarction, all had defects of thallium-20] 
uptake in the redistribution images, and 20 had 
additional reversible defects induced by dipy- 


Dipyridamole magnetic resonance imaging 
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Figure 4 Magnetic resonance image with subendocardial signal change. The magnetic 
resonance images (reverse video format) show end systolic frames (A) before and ( B) 
after dipyridamole. The cine display showed delayed septal contraction. A considerable 
decrease in the signal intensity of the septum was also visible which extended from the 
anterior wall to mid-septum (large black arrows) and continued down the inferior 
septum (small black arrow) apparently in the subendocardium. The stress thallium short 
axis tomogram (C) showed the corresponding extensive anterior, septal, and inferior 
wall perfusion deficit (short white arrows) that became partially reperfused (D). It ts 
likely that 24 hour delayed redistribution imaging would show further reperfusion in 
these segments. The patient had diseased left anterior descending and right coronary 
arteries, 


ridamole, of which 14 were new defects and six 
were a deterioration of a pre-existing abnor- 
mality. Of the 17 patients without previous 
infarction, all had normal redistribution images 
and 16 had new abnormalities induced by 
dipyridamole. The patient with a normal 
thallium-201 scan had normal coronary 
arteries. 

There was a strong correlation between the 
number of reversible thallium-201 defects and 
the likelihood ofa new wall motion abnormality 
seen by magnetic resonance (table 5). Defects 
larger than two segments were always asso- 
ciated with reversible wall motion abnor- 
malities. Of the 16 negative magnetic resonance 
scans, 12 had reversible defects smaller than 
two segments, while only two of the positive 
magnetic resonance scans had perfusion defects 
smaller than two segments. 


VENTRICULAR VOLUMES AND EJECTION FRACTION 
Table 6 shows the changes in end diastolic left 
ventricular volume, end systolic volume, stroke 
volume, and ejection fraction. There was no 


Table 7 Mean change in magnetic resonance signal after dipyridamole in areas with 
reversible perfusion defects and normal myocardium 





Before After 
Normalised MR signal dipyridamole dipyridamole Change (95% CI p 
Reversible perfusion defect 540 554 + 14* (—27, +55) NS 
Normal perfusion 528 538 + 10* (—13, + 32) NS 





"9 NS 


the 


significant difference between values 
before dipyridamole infusion in patients with 
new wall motion abnormalities or without, and 
though there was a trend towards a decrease in 
volumes after dipyridamole in both groups, 
covariance analysis showed no differences be- 
tween groups. 


MAGNETIC RESONANCE SIGNAL CHANGES IN THE 
MYOCARDIUM 

The myocardial signal in the magnetic reso- 
nance images was normalised to alterations in 
signal from fat, to correct for changes arising 
from different acquisition variables before and 
after dipyridamole infusion (table 7). There 
was a small increase in signal after dipyrida- 
mole, both in the segments with normal per- 
fusion and in those with reversible perfusion 
defects, but the changes were not statistically 
significant and there was no difference between 
these two groups. Not all of the segments with 
reversible perfusion defects had wall motion 
abnormalities, however, because after dipyri- 
damole thallium defects can occur without 
ischaemia. There was a significarttfall in signal 
in segments with new wall motiorrabhormality 
and an increase in signal/in adjacent:s¢gments 
with normal wall motion (p <:0-05)(table 8). 
In nine of the 24 patients with new wall motion 
abnormalities, the abnormally low signal was 
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Table 8 Mean change in magnetic resonance signal after dipyridamole m myocardium 
with a reversible wall motion abnormality and in normal myocardium 








Before After 
Normalised MR signal dipyridamole dipyridamole Change (95% CI) p 
Abnormal wall monon 543 530 —13* (—2, —26) <0 05 
Normal wall motion 519 531 4+12* (—7, +30) NS 





*p < 005, In nine panents the signal reduction was visible on the images. 


apparent from inspection of the images and it 
was most pronounced in the subendocardium 
(fig 4). The patients with visible abnormalities 
of magnetic resonance signal had more exten- 
sive perfusion defects on thallium imaging, but 
the numbers were too small for this to be 
statistically significant. 


Discussion 

The possibility of combining dynamic exercise 
with magnetic resonance imaging for the in- 
vestigation of patients with coronary artery 
disease has been investigated but it was not 
possible to acquire diagnostic images at any- 
thing other than submaximal exercise because 
of motion artefact.’ Very rapid imaging tech- 
niques such as echo planar imaging may over- 
come this problem, but an alternative strategy 
is to use pharmacological stress. The use of 
dipyridamole for myocardial perfusion imag- 
ing was first established in dog experiments by 
Gould in 1978" and it has since been recog- 
nised as a method of inducing defects in 
thallium-201 images that is at least as reliable as 
dynamic exercise. The thallium-201 defects do 
not necessarily correspond with areas of 
ischaemia, but wall motion abnormalities have 
been demonstrated by echocardiography’ and 
by radionuclide ventriculography‘ and it is 
reasonable to suppose that there is ischaemia in 
these cases. We performed the present study to 
establish the feasibility of dipyridamole mag- 
netic resonance imaging for the investigation of 
such patients with coronary artery disease; and 
to investigate the relation between thallium- 
201 defects induced by dipyridamole and wall 
motion abnormalities—a relation that has not 
previously been fully explored. 

Dipyridamole acts at the level of the cardiac 
arteriolar myocyte, where it increases inter- 
stitial concentrations of adenosine by the com- 
bined effects of inhibition of the facilitated 
uptake of adenosine and inhibition of its break- 
down by adenosine deaminase. Activation of 
the myocyte membrane purinoceptors leads to 
an increase of intracellular cyclic adenosine 
monophosphate and arteriolar vasodilatation.” 
With Gould’s original regimen (0-56 mg/kg 
over 4 minutes)'® the increase in coronary 
arterial flow in humans is variable, but it was 
reported to be between 250%" and 600%.” 
The flow reserve is reduced in arteries with 
fixed stenoses,'* and the differential flow be- 
tween territories served by normal and by 
stenosed arteries may be sufficient to produce 
an apparent defect of thallium-201 uptake. As 
we have confirmed, it is also possible to 
produce ischaemia in the territory of a stenosed 
artery, and though the mechanisms of this 
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ischaemia are complex there are three possible 
explanations. Firstly, an increase of flow across 
a stenosis leads to a fall in distal perfusion 
pressure which may be sufficient to cause 
subendocardial ischaemia." Secondly, flow in 
high resistance collateral vessels serving the 
area of a diseased artery may be reduced 
because of the generalised vasodilatation and 
fall in perfusion pressure. This will be exacer- 
bated by the small reduction in diastolic blood 
pressure caused by dipyridamole.” Thirdly, 
dipyridamole causes a small increase in the 
rate-pressure product, mainly because of the 
reflex tachycardia, which raises myocardial 
oxygen demand.” Techniques such as mag- 
netic resonance imaging which examine 
regional myocardial function should provide a 
method of distinguishing between areas of 
impaired thallium-201 uptake that are relative 
defects compared with normal areas and those 
that are associated with sufficient ischaemia to 
cause wall motion abnormalities. 

The use of dipyridamole during magnetic 
resonance imaging requires that the drug exerts 
its effect on wall motion over the period of 
imaging, which is approximately three minutes 
for a single acquisition but approximately 15 
minutes for a complete stress study. Because 
there is no direct relation between the plasma 
concentration of dipyridamole and coronary 
flow we did not measure plasma dipyridamole 
during the acquisition. The relation between 
the action of dipyridamole on coronary flow 
and the consequent myocardial dysfunction is 
also unclear, but it is reasonable to suppose that 
the two occur together. Studies of coronary 
arterial flow in humans suggest that maximal 
flow occurs about 2’ minutes after the end of 
infusion” and that it continues at close to 
maximum for a further 9-14 minutes"* with the 
half life for flow reduction of approximately 33 


minutes.” These figures differ from those 


found by Gould in the dog, where maximal 
flow increase was seen five minutes after the 
end of the four minute infusion with peak flow 
lasting for 3—5 minutes.’° In addition to the data 
reported on the time course of flow changes 
after intravenous dipyridamole it is known 
that after exercise stress regional wall motion 
changes persist for up to 20 minutes after the 
end of exercise.” ® For constancy of effects on 
wall motion, therefore, we decided to admini- 
ster a further 10 mg bolus of dipyridamole at 10 
minutes provided there were no contraindica- 
tions. 

With magnetic resonance imaging we 
showed reversible wall motion abnormalities 
after dipyridamole in 24 (62%) of 39 patients 
with coronary artery disease and 24 (67%) of 36 
patients with reversible thallium defects. 
Studies with other imaging techniques have 
shown similar results though there is a wide 
variation in the reported sensitivity for coro- 
nary artery disease, varying from 13%° to 67%‘ 
for radionuclide ventriculography, and from 
52%" to 89%° for echocardiography. This may 
be explained by several factors including the 
severity of disease in the population studied,” 
the dosage of dipyridamole used,” and 
improvements in imaging techniques.” * There 
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was a close correlation between the site of the 
induced wali motion defect and the site of the 
thallium-201 perfusion defect in each patient 
and this is the first such observation made 
using, equivalent tomographic techniques. A 
similar observation was made when echocar- 
diography was compared with planar thallium- 
201 imaging” though the differences between 
the two techniques mean that direct compar- 
ison is difficult. By using tomographic tech- 
niques we have also shown that the size of the 
thallium-201 defect is important. All patients 
without wall motion abnormalities induced by 
dipyridamole had thallium-201 defects affect- 
ing two or fewer segments, while only two 
patients with wall motion abnormalities had 
reversible thallium-201 defects affecting less 
than two segments. There was a similar relation 
with the number of diseased arteries, in that all 
patients with three vessel disease had new wall 
motion abnormalities induced by dipyrida- 
mole, while only two of nine patients with 
single vessel disease had new abnormalities. 

We showed a strong relation between the 
occurrence of chest pain and the development 
of a wall motion abnormality. This was repor- 
ted in some studies”? ? but not in others” ” but 
itis likely that this relation is determined by the 
severity of disease. Because up to 74% of 
patients with coronary artery disease do not 
experience chest pain after dipyridamole 
infusion” and because adenosine is known to 
cause chest pain in the absence of disease,” it 
seems unlikely that chest pain induced by 
dipyridamole will be a useful marker of the 
presence of disease, though it may be a marker 
of severe disease. 

The changes in ventricular volumes and 
ejection fraction seen in our study are of limited 
clinical value because of the wide variation and 
the overlap between patients with and without 
new wall motion abnormality. In any event, the 
biplane area-length method that we used 
assumes that the ventricle is an ellipsoid of 
revolution and significant errors can be made if 
this is not the case.® Unfortunately, it is more 
difficult to perform the accurate multislice 
method of measuring ventricular volume” in 
the limited time available after dipyridamole 
infusion. 

The reduction of magnetic resonance signal 
seen in nine (41%) of the 22 patients with new 
wall motion abnormality suggests the possi- 
bility of using measurements of myocardial 
relaxation time to detect ischaemia. Many 
different factors influence the magnetic reson- 
ance signal but, unfortunately, it is unlikely 
that the observed changes were the results of 
alterations in relaxation times, because sig- 
nificant changes in T2 were not seen until an 
hour after experimental coronary occlusion.” 
The altered motion of the abnormal segment 
might also explain changes in signal; however, 
hypokinesis would lead to a rise in signal rather 
than the observed fall. It is most likely that the 
changes were the result of alterations in the 
blood content of the myocardium, and this 
would be supported by the fact that the areas of 
signal loss were mainly subendocardial where 
the most severe ischaemia would be expected. 
Further studies using magnetic resonance con- 
trast agents such as gadolinium diethylene- 
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triamine pentaacetic acid may throw further 
light on these findings. 
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A controlled trial of community based coronary 


rehabilitation 


Hugh J N Bethell, Mark A Mullee 


Abstract 
Two hundred patients who had suffered 
an acute myocardial infarction 4-6 weeks 
before entered a randomised controlled 
trial of exercise treatment at a commu- 
nity sports centre supervised by a gen- 
eral practitioner. Eighty one per cent of 
the treatment group continued to exer- 
cise until they returned to work and 73% 
completed three months’ exercise. There 
were no serious complications of the 
exercise course. The prevalence of 
angina pectoris fell by 10% in the treat- 
ment group but rose by 60% in the con- 
trol group. The perceived energy level 
rose by significantly more in-the treat- 
ment group than in the controls. The rise 
in predicted maximum oxygen uptake 
was significantly greater in the treat- 
ment group than in the control group as 
was the reduction in the double product 
(a reflection of myocardial workload) at 
peak exercise. 

Coronary rehabilitation in the com- 
munity can be both safe and effective. 


The benefits of exercise training for patients 
with coronary heart disease are widely recog- 
nised. Numerous studies of this treatment 
have shown these effects and the mechanism 
of their production in selected groups of 
patients. There have, however, been very few 
large scale randomised controlled trials in 
unselected patients recovering from acute 
myocardial infarction’? and only one in the 
United Kingdom—and that was hospital 
based.‘ 

The Alton Coronary Rehabilitation Unit 
(which operates from a community centre and 
is supervised by a general practitioner, a 
sports officer, and a physiotherapist) opened 
in 1976. The purpose of the trial in this unit 
was to assess the results of managing patients 
after myocardial infarction. 


Patients and methods 

All male patients aged 65 or less admitted 
to Basingstoke District Hospital from 
1 December 1979 with a provisional diagnosis 
of acute myocardial infarction were recruited to 
the study. Fasting blood samples taken on the 
first morning after admission were sent for 
measurement of cholesterol and triglyceride 
concentrations. Serial measurements of serum 
aspartate transaminase activity and electro- 
cardiograms were performed on the first three 


days of admission. A chest x ray was taken 
within 48 hours of admission. By the fifth day 
of admission a positive diagnosis of acute 
myocardial infarction was made only if all of 
the following criteria were met: a history of 
chest pain typical of myocardial infarction, 
progressive electrocardiogram changes, and a 
rise and fall in aspartate transaminase concen- 
trations with at least one reading above 40 
units/ml. Patients were excluded if they lived 
more than 25 miles from Alton, if they had 
medical or orthopaedic problems that pre- 
cluded their taking part in the exercise course, 
if they had insulin dependent diabetes mellitus 
or were in atrial fibrillation, if they had 
previously been through the course, or if they 
were on the investigator’s personal general 
practice list. 

The qualifying patients were randomised by 
order of admission into treatment and control 
groups by means of a random letter sequence. 
The nature of the trial was then explained and 
the patient was invited to join. At 4-5 weeks 
after admission all patients were interviewed 
and examined by one of two research assistants 
(one a state registered nurse, the other a state 
registered physiotherapist) who measured 
height and weight and, with the patient sitting 
down, recorded resting pulse rate and blood 
pressure. The patients were asked about symp- 
toms and, if not mentioned specifically, chest 
pain. The occurrence of tight central chest pain 
or throat pain brought on by exercise and 
relieved within a few minutes by rest was 
recorded as angina. The patients were also 
asked to express their current well-being and 
energy level as a percentage of their normal 
level. One to two weeks later they underwent a 
submaximal bicycle ergometer exercise test at 
Alton Sports Centre. Entry to the trial was 
stopped when 200 patients had been tested. All 
exercise tests were performed on a mechan- 
ically braked Cardionics ergometer with a 
continuous multistage test with five minutes at 
each exercise load. The starting load was 
estimated to allow each patient to complete at 
least one stage but not more than three stages; 
the load was increased by 25 W at each level 
before the end point was reached. The test was 
terminated when the patient reached 85% of 
his predicted maximum heart rate, unless it was 
interrupted by angina pectoris, multifocal ven- 
tricular extrasystoles, exhaustion, or excessive 
breathlessness. Heart rates at the end of the test 
were calculated from six consecutive com- 
plexes on the electrocardiographic write-out 
(Hewlett-Packard) and for systolic pressure we 
used a Philips electronic analogue sphyg- 
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Outcome tn 311 male 
patients aged 65 or less 
who were admitted to the 
Basingstoke District 
Hospital coronary unit 
between 1 December 1979 
and 1 March 1984 with a 
confirmed diagnosis of 
acute myocardial 
infarction. 


momanometer calibrated from time to time 
against a mercury sphygmomanometer. 
Patients on short acting f blocking drugs 
stopped taking these drugs 48 hours before the 
test unless this was contraindicated. We cal- 
culated the predicted maximum oxygen uptake 
(Vo, max) from the exercise test using the 
Astrand-Ryhming nomogram. This-could be 
done only for those who cycled for at least three 
minutes at their lowest load and for those who 
were not on f blocking drugs at the time of the 
test. The double product (heart rate x systolic 
pressure) at the end of the test was also 
calculated. 

Control patients were given a short talk on 
the sort of exercise that they might safely take 


-unsupervised. Treatment patients entered a 


three month course of three times a week circuit 
training at Alton Sports Centre. The course has 
been described previously." 

Three months from the initial interview the 
patient was seen again by the research assistant 
who repeated the initial interview and examin- 
ation. A second exercise test was performed 
within the next week, supervised by HJNB, on 
the same day of the week and at the same time of 
the day as the first test and with the same 
protocol. 

Mann-Whitney U tests and two-sample ¢ 
tests were used to test for differences between 
the two groups (controls and treated) and 
Wilcoxon signed-rank tests or paired ¢ tests 
were used to test for differences within the 
groups. Chi-squared test with Yates’s correc- 
tion factor and McNemar’s test were also used 
when appropriate. Ninety five per cent con- 
fidence intervals for y° tests were calculated 
according to the method described by 
Armitage and Berry.” 

Most of the statistical analyses were com- 
puted with the statistical packages SPSS-X” 
and Minitab: 


Excluded Treatment 
54 113 


Total Rando mised 


311 229 


Ded Control 
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Results 
The figure shows the outcome in the 311 male - 
patients aged <65 who were admitted to the 
Basingstoke District Hospital Coronary Care 
Unit between 1 December 1979 and 1 March 
1984 with a confirmed diagnosis of acute myo- 
cardial infarction. Twenty eight died before 
randomisation and 54 were excluded for one of 
the following reasons: geographical (36), 
medical/orthopaedic contraindications (seven), 
insulin dependent diabetes mellitus (three), 
atrial fibrillation (two), previous graduates of 
the course (three), and on the author’s general 
practice list (three). The remaining 229 were 
randomised—113 to the treatment group and 
116 to the control group. Of the 113 treatment 
patients, 99 attended Alton Sports Centre for 
the first exercise test (five died, four refused, 
and five developed other problems). Of the 116 
control patients, 101 attended Alton Sports 
Centre (seven died, three refused, and five 
developed other problems). Thus of the 200 
patients in the study, 99 were in the treatment 
group and 101 in the control group, and these- 
patients comprised 85% of the infarct patients - 
who had survived to the time of the first test 
and lived within 25 miles of Alton. 


COMPARABILITY OF GROUPS (TABLES 1 AND 2) 
The two groups were comparable in terms of 
age, presence of Q waves on the electrocar- 
diogram, aspartate transaminase concentra- 
tion, presence of pulmonary oedema, presence. 
of complications, initial Vo, max, and time to 
return to work. 


FOLLOW UP 

Of the 99 treatment patients two died and four 
could not be followed up. One of those patients 
who died did so between the final interview and 
the final exercise test and his interview and 
examination findings are included. Of the re- 


First test Final test 
99 84 
Died Died 
First tost Final test 
101 99 
Excluded Lost to 
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Table 1 Comparability of the two groups 


Mean age (yr) 
(SD) 


‘Treatment group 
n 99 
54 2 (7 2) 
Control group 
n 101 
53-2 (7 TF) 


Bethell, Mullee 


Median AST (IUjl Pulmonary oedema on Mean time to return to 
ede so m chest x ray Comphcations* ki lehi a Hat work (wk) (SD) 
99 99 99 78 63 
202 (122, 327) 11% 27% 22 2 (5-0) 137 (37) 
101 100 101 80 66 
207 (114, 302) 11% 27% 23-4 (4 8) 13-3 (3-6) 


*Chnuical left ventricular failure, ventricular fibrillation, ventricular tachycardia, atrial fibrillation, heart block, and pericarditis. 


maining 93 patients, 73 completed the 12 week 
exercise course, eight defaulted on return to 
work, four defaulted at other times, and six 
were withdrawn for medical reasons (one re- 
infarct, one left ventricular failure, one increas- 
ing angina and three orthopaedic problems). 
Thus 73 completed the course and 81 con- 
tinued to exercise at least until they returned to 
work. 

Of the 101 control patients, one died and one 
refused follow up. By the end of the 12 weeks of 
the trial, 27 of these were taking unsupervised, 
apparently vigorous exercise at least twice a 
week, These exercises included bicycling, 
using a bicycle ergometer, press ups and sit 


ups, swimming, jogging, and weight training. 


CHANGES IN OBSERVATIONS (TABLE 3) 

There were no significant differences between 
the two groups for change in frequency of 
sexual intercourse (Mann-Whitney U, p= 
0-40), resting heart rate (t = 0-64, df = 173, 
p = 0-52), blood cholesterol (t = 0-69, df = 
161, p = 0-49), or triglyceride concentration 
(Mann-Whitney U, p=0-88). The mean in- 
crease in weight of the treatment patients was 
significantly greater than in the control patients 
(difference = 1:2 kg) (95% CI for difference = 
0-06 to 1-98; £ = 2-09, df = 191, p = 0-04). 

Angina pectoris was present at the first 
follow up in 21 patients in the treatment 
group and in 20 control patients. By the second 
follow up angina was present in 19 (— 10%) of 
the treatment patients but in 32 (+60%) of 
the controls. The increase in the occurrence 
of angina in the control group was signifi- 
cant (difference in proportions = 0:12) 
(McNemar’s y? = 7:56, 95% CI = 0-04 to 
0:20; df = l,p = 0. 01). 

The median energy level for the treatment 
group rose from 50% before the exercise course 
to 95% after the exercise course with a median 
rise of 41%. The median energy level for the 
controls rose from 50% to 90% with a median 
rise of 25%. The median energy level was 
significantly greater in the treatment group 
than in the controls (difference = 10-00%) 
(Mann-Whitney U 95% CI = 0-00 to 21-92; p 
= 0-03). 

Fifty five of the treatment group and 60 of 


Table 2 Comparability of electrocardiographic changes in the two groups 


Treatment group (99) 
Control group (101) 


Anterior Inferior Lateral Q waves 
47 45 7 73 
47 50 4 73 


the controls had been cigarette smokers before 
their infarcts. By the end of the period of 
observation, 43 (78%) of the smokers in the 
treatment group and 52 (87%) in the control 
group said that they no longer smoked. 

Among patients in the treatment group; of 
the 42 smokers who finished the exercise 
course, six (14%) continued to smoke, while of 
the 13 smokers who failed to finish the course 
six (46%) continued to smoke (difference in 
proportions = 0:32) (y? = 4:19, 95% CI = 
0-08 to 0-66; df = 1, p = 0-04). 


CHANGES IN EXERCISE TEST RESULTS 

In the treatment group, the mean predicted 
maximum oxygen uptake rose significantly 
from 22-16 to 27-32 ml/min/kg (paired t = 
9-69, df = 77, p < 0-001). In the control group, 
the mean predicted maximum oxygen uptake 
also rose significantly from 23-36 to 26-16 ml/ 
min/kg (paired t = 5-71, df = 79, p < 0-001). 
The mean difference in the increase of predic- 
ted maximum oxygen uptake was 2°35 ml/min/ 
kg, which was significantly greater (95% CI for 
the difference = 0-92 to 3-78; t = 3-24, df = 
156, p = 0-001) in the treatment group than in 
the control group. 

In the treatment group the mean double 
product at peak exercise decreased significantly 
from 246 to 212 (paired £ = —8-71, df = 84, p 
< 0-001). In the control group the mean double 
product decreased from 230 to 228 (paired t 
= — 0-54, df = 84, p = 0-59). The decrease in 
the mean double product was significantly 
greater in the treatment group than in the 
control group, difference = — 32-58 (95% -CI 
= — 42-19 to —22-97; t = — 6:70, df = 168, p 
< 0-001). 


Discussion 

In the United Kingdom, coronary rehabilita- 
tion courses are available to few patients 
recovering from cardiac surgery or myocardial 
infarction. The number has grown considera- 
bly since the British Cardiac Society review of 
1970,° but many existing courses were estab- 
lished or initiated by nurses and physiothera- 
pists with little support, and sometimes opposi- 
tion, from doctors. Such courses may, 
therefore, be underused and their effectiveness 
is seldom measured. This trial attempted to 
assess the effects of a community based exercise 
programme for patients immediately after 
infarction; it showed that most patients can 
participate (85% of patients who lived within 
25 miles of the sports centre took part). Nearly 
all the treatment group embarked upon the 
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Table 3 Changes in important observations of the two groups 
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Median frequency of : 
sexual intercourse per Medan triglyceride 
month (interquartils Mean restung heart rate Mean cholesterol (mmol/l) (interquartile Mean weight 
range ) (beats/min) (SD) (mmol/l) (SD) range) (kg) (SD) 
Treatment group 
Mamber” 94 88 81 81 94 
Before 20 (0 0, 40) TE iOS 6-2 (1:3) (0 9, 1 8) 13 7521 53 
After 10(0 0, 4-0) 76 5 (10-5) 6-3 (1 0) 14(1 0,1 9} 76°4 (10 9 
Difference 00(—1 0,00) —30(11 7) 1-3 (10 6) —0 2 (—0 3, 05) 12630) 
(after — before) 
Control group P 
Number 99 87 82 82 99 
Before 2 0(1 0, 6 0) 79-0 (12 0 611 )) hated? i} 769 (9 7) 
After 10 (0 0, 4-0) 74-9 (12 4) 61(10) 1-4 (1-0, 2 1 771 3) 
Difference 0 0(—2 0, 0-0) —4 1 (95) 0-2 (10 3) 0-2 (-—-0 4,06 0 2(3 8) 
(after — before) 





exercise programme: 81% continued to exer- 
cise until they returned to work and 73% 
completed the course, despite the fact that 
Alton Sports Centre is 15 miles from the centre 
of population. This figure is similar to that of 
Carson et al who found that 70% of 151 
exercising patients completed a hospital based 
exercise programme.” Higher compliance rates 
(85-100%) have been achieved in selected 
patients referred for exercise.!!"” One 
problem in assessing the results of exercise 
training in randomised trials is the tendency for 
control patients to take up exercise—the so- 
called drop-ins.”7 In our case 27% of the 
controls were taking apparently vigorous exer- 
cise by the end of the trial, though this was 
probably much less intensive and effective than 
the supervised exercise in the treatment group. 

As with most other controlled trials of exer- 
cise for coronary patients, there was no dif- 
ference between the groups for blood pres- 
sure, ?? cigarette smoking,’’ blood choles- 
terol,**** and time to return to work.'** It was 
surprising that there was no difference between 
the groups for change in triglyceride concen- 
trations, which are reduced for up to 48 hours 
by vigorous exercise.” We made no attempt to 
relate the time of blood sampling to a previous 
exercise session. 

Unfortunately the exercise testing of patients 
could not be blind because HJNB performed 
all the tests and supervised all the exercise 
sessions. Heart rate measurements were taken 
from an electrocardiographic write-out and 
should not have been subject to bias. However, 
it is possible that peak systolic blood pressures, 
read from an analogue electronic sphygmo- 
manometer, were subject to observer bias. 

The improvement in physical fitness of the 
control patients as measured by the predicted 
maximum oxygen uptake, was expected. The 
recovery of the heart from the immediate 
effects of the infarct produces a spontaneous 
improvement over the first three months” 
associated with an increase in stroke volume.” 
The large number of drop-ins, perhaps a result 
of the Hawthorne effect,” probably had little 
effect on the increased fitness of the controls 
(see below). The greater improvement in fit- 
ness among the treatment group testified to the 
effectiveness of the exercise regimen, and was 
of a similar order to that achieved in hospital 
based rehabilitation programmes.?°>° This 


increase in physical work capacity produced by 
a short course of physical training is caused by 
peripheral adaptations rather than improved 
cardiac function.” There is an alteration in 
the distribution of blood within the working 
muscles and an increase in their capacity to 
extract oxygen, associated with an increase in 
the number and size of mitochondria, mito- 
chondrial enzyme content, and capacity to 
metabolise various energy substrates.” ** The 
result of these changes is an increase in the 
arteriovenous oxygen difference of the blood 
flow to and from the working muscles.” 7 
Any given exercise load requires less blood to 
fuel it, with a reduction of demand on the heart 
and a lower heart rate.” * 

The reduction of exercise induced heart rate 
and blood pressure produced by exercise train- 
ing of cardiac patients is a very important 
effect, because the heart rate x systolic pres- 
sure product (the double product) is a direct 
reflection of myocardial workload and oxygen 
demand.” ” The double product at sub- 
maximal workloads does not decrease sponta- 
neously after infarction because the fall in heart 
rate response is matched by an increase in 
blood pressure response.® “ Because the con- 
trol patients in this study showed no change in 
double product at submaximal workload it is 
likely that their improved fitness was largely 
due to spontaneous cardiac recovery and that 
the unprompted exercising of the drop-ins was 
relatively ineffective. The appreciable fall (by 
14%) in the submaximal double product 
among the treatment group was reflected in 
their reduction in clinical angina compared 
with the controls, an effect that has been 
demonstrated in other controlled trials.?*” 
However, in this trial the symptom of angina 
was determined from the patient’s history 
given to a research assistant who also helped at 
exercise sessions. A standardised questionnaire 
was not used and the findings of this symptom, 
which showed a larger than expected difference 
between the two groups at the end of the 
course, may have been biased. 

Nearly all reports on the results of coronary 
rehabilitation have emphasised the great 
improvement in well-being and in psycho- 
logical health it engendered. Few, however, 
have quantified this improvement, and those 
who have measured the psychological impact of 
rehabilitation have shown either no change“ or 
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rather minor benefit.” This study, too, found 
that the great improvement in subjective well- 
being among the treatment patients was nearly 
matched by the controls, implying that the 
overall effect of the physical training on this 
factor was modest. However, the combination 
of increased attention received by the controls 
and the effect of the initial exercise test” ? may 
have given them a psychological advantage not 
shared by untreated patients who were not 
involved in controlled trials. 

Most coronary rehabilitation programmes 
are based in hospitals, a few use home exer- 
cise,** and some are based in the commu- 
nity.?°!°? There are no published trials that 
compare the effectiveness or cost-effectiveness 
of hospital and community based pro- 
grammes,” but in terms of adherence and 
measureable outcome the findings of our study 
are similar to those reported from hospitals. 
There are definite advantages in using com- 
munity sports centres™—not only do they have 
more space than most hospitals but they also 
have the appropriate equipment for circuit 
training and have staff experienced in using it. 
An added benefit of exercising in the commun- 
ity is that it encourages a return to normal. The 
patient going to the sports centre is having fun 
rather than treatment and this should 
encourage compliance and; in the long term, 
lead to a habit of regular exercise. 

This study showed the feasibility, the safety, 
and the benefits of a community based exercise 
programme supervised by a general practi- 
tioner for patients recovering from acute 
myocardial infarction. Every district general 
hospital should be able to offer this treatment 
to patients after myocardial infarction and 
those after coronary bypass graft but most do 
not. The community programme is one of the 
ways in which the gaps in the present provision 
could be filled. 
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W A Jolly studied electrocardiography with 
Einthoven in 1908. On his return to Edinburgh 
in 1909 he and W T Ritchie recorded the first 
electrocardiogram showing atrial flutter. When 
he took up the chair of physiology in Cape 
Town in 1911 he brought with him the first 
electrocardiograph to be installed in South 
Africa; it is seen with him in this photograph. 
Source: Department of Physiology, University 
of Cape Town. 
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Changes in the electrocardiographic response to 
exercise in healthy women 


Jaap W Deckers, Ruud V H Vinke, Jeroen R Vos, Maarten L Simoons 


Abstract 

Changes in the P wave, QRS complex, 
ST segment, and T wave during and 
after maximal exercise were quanti- 
tatively analysed in 116 healthy women 
with a mean age of 39. The corrected 
orthogonal Frank lead electrocardio- 
gram was continuously recorded and 
computer processed during bicycle 
ergometry. With exercise, maximal 
spatial P wave vectors shifted down- 
ward. The Q wave amplitude became 
more negative and the R wave amplitude 
diminished considerably in leads X and 
Y: the S wave amplitude decreased only 
slightly in these leads. The QRS vectors 
shifted towards right and posteriorly 
during exertion and a further shift in the 
same direction was seen in the recovery 
period. The ST segment amplitude 60 ms 
after the J point decreased with exertion 
and became negative at heart rates 
above 140 beats per minute, in particular 
in lead Y. ST segment depression in- 
creased with age. The T wave amplitude 
decreased during exercise and increased 
sharply in the recovery period. Though 
mean R wave amplitude in leads X and Y 
became more negative with exercise, this 
response was unpredictable in individual 
women. 

The exercise induced changes in QRS 
vectors in women resembled those des- 
cribed in men. Changes in the amplitude 
of the R wave should not be used for the 
diagnosis of coronary disease in women. 
ST segment depression was more pro- 
nounced in the inferiorly oriented lead Y 
than in lead X but it was unrelated to 
changes in the QRS vectors in these 
leads. 


Exercise electrocardiography is an established 
method of predicting the presence of coronary 
disease in men but its value in women remains 
controversial.’ Some studies have described 
considerable ST segment depression induced 
by exercise in symptom free women,’* and in 
those with no angiographic evidence of 
coronary obstructions.*”’ Others claim that the 
value of the exercise test in women 1s similar 
to that in men,” or that the high number of 
false positive tests im women can be attributed 
solely to their low prevalence of coronary 
disease. ? One study suggested that the 
diagnostic value of the test in women could be 
improved if exercise induced QRS changes 


were taken into account.” Given these 
discrepancies, it is surprising that we know of 
no quantitative study of exercise induced 
electrocardiographic changes in women. 
Therefore, and in an attempt to elucidate 
possible sex differences in this response, we 
studied the electrocardiographic changes of 
the P wave, QRS complex, ST segment, and 
T wave during and after exercise in 116 
female volunteers presumed to be free of 
cardiac disease. 


Subjects and methods 

One hundred and sixteen women performed a 
single exercise test. All were healthy volunteers 
without chest pain and without a history of 
cardiovascular disease. They had a normal 
electrocardiogram at rest, blood pressure of 
< 165/95 mm Hg, and a fasting serum choles- 
terol concentration <67 mmol/l. Smoking 
history was not taken into account. They were 
not taking any medication. None had auscul- 
tatory findings suggestive of mitral valve 
prolapse or other forms of valve disease. Their 
mean (SD) age was 39 (10) years. Exercise tests 
were performed in the second half of 1978. 
After a mean follow up period of more than 
four years, none of them had died although 
seven could not be traced or had emigrated. 
‘The electrocardiograms of these seven women 
were reviewed separately but were retained in 
the study because their electrocardiographic 
amplitudes fell within the 5th and 95th 
percentile limits of the other women. 

The women exercised seated on a calibrated 
bicycle ergometer. The workload was increased 
by 10 W per minute. The test was terminated 
when the subjects neared exhaustion. Cycling 
was continued at a low load for 4 minutes after 
peak exercise. The electrocardiogram was 
recorded through corrected orthogonal Frank 
leads with the chest electrodes at the level of the 
fifth intercostal space. The F electrode was 
placed on the sacrum and the H electrode on 
the neck. Careful attention was paid to proper 
preparation of the skin and fixation of the 
electrodes and wires. The electrocardiograms 
were computer processed as described in detail 
elsewhere.“ In brief, the three orthogonal leads 
were sampled for 20 seconds with the subject at 
rest seated, every minute during exercise, and 
within six minutes of the end of exercise. The 
sampling frequency was 250 Hz. Beats showing 
abnormal QRS complexes or excessive baseline 
drift were rejected. An average representative 
complex was calculated from the remaining 
beats. Templates were used to define the onset 
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and termination of QRS complexes.” The 
resting electrocardiogram of each subject was 
analysed with a general template. After visual 
inspection and validation of the reference 
points, patient specific templates were 
calculated and recorded.“* The onset, peak, and 
end of the P and the T wave were also 
determined. For each lead, Q, R, and S waves 
were located. The baseline level was defined as 
the mean signal amplitude 5 to 3 samples (20 to 
12 ms) before the QRS onset. All amplitudes 
were measured relative to this baseline. ST,, 
denotes the ST amplitude 60 ms after 
the J point. Orthogonal electrocardiographic 
amplitudes were converted to 12 lead 
electrocardiogram V5 amplitude according to 
Dower.’ 


STATISTICAL ANALYSIS 

Statistical analysis, which included paired 
t tests to compare ST segment amplitudes and 
linear regression analysis and analysis of 
variance of electrocardiographic and clinical 
variables, was performed with the BMDP 
statistical program. Probability values of 
<0 05 were regarded as significant. 


Results 

The mean (SD) maximum workload achieved 
with exercise was 156 (32) W and the peak heart 
rate rose to 170 (16) beats/min. Systolic blood 
pressure rose from 137 (17) mm Hg at rest to 
195 (18) mm Hg at peak exercise. Maximum 
heart rate and workload achieved decreased 
with age (table 1). 


ELECTROCARDIOGRAPHIC CHANGES 

P wave 

The interval between the maximal spatial mag- 
nitude of the P wave and the onset of QRS 
complex decreased during exercise and length- 
ened again in the recovery period. Figure 1 
shows the mean values of P amplitude in leads 
X, Y, and Z at increasing heart rates during 
exercise and at decreasing heart rates in the 
recovery period. P wave amplitude in leads X 
and Y (especially in lead Y) increased with 
exercise. The changes represent a gradual shift 
in the maximal P wave amplitude anteriorly, 
leftwards, and downwards. P wave amplitude 
at corresponding heart rates was higher in the 
recovery period than during exercise. 


Table 1 Mean (SD) mammal heart rate, achieved 
workload, and ST segment amphtudes at peak exercise 
measured 80 ms after Jin Frank leads X and Y m 116 


healthy women in three age groups 

Age (yr) 

<30 30-49 > 50 
Variable (n==25) (n= 76) (n=15) 
Peak heart rate 

(beats/mm) 170 (21) 161 (23) 152 (25) 

Workload (W) 172 (32) 154 (30) 134 (35) 
ST w lead X (V) 30 (51) 18 (45) 22 (44) 
ST, lead Y (uV)  10(50) —9 (48) —20 (44) 
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Figure 1 Changes in maximal P wave amplitude in 
Frank leads X, Y, and Z n women at heart rates of 80, 
100, 120, 140, and 160 beats/rmn during exercise, and at 
heart rates of 160, 140, and 120 beats per minute during 
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Figure 2 Changes in maximal Q wave amplitude in 
Frank leads X, Y, and Z in women at different heart 
rates during exercise and recovery. 
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Figure 3 Changes in maximal R wave amphtude in 
Frank leads X, Y, and Z in women at different heart 
rates during exercise and recovery. 
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Figure 4 Individual changes m R wave amplitude in 
lead X during exercise in women. Measurements were 
made in relation to baseline R wave values. 
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Table 2 Changes in R wave amplitude during exercise 
in Frank leads X and Y in 116 healthy women 


Lead X Lead Y 


Increase >0 1 mV (%) 7 (6) 6 (5) 


No change (%) 70 (60) 7 (6) 
Decrease >0 1 mV (%) 31 (27) 65 (56) 
Decrease >0 2 mV (%) 8 (7) 38 (33) 
QRS COMPLEX 


There was no significant change in QRS dura- 
tion during exercise. The Q wave became more 
negative in leads X and Y at the end of exercise 
and less negative in lead Z (fig 2). The R wave 
decreased during exercise in leads X and Y but 
became slightly more positive at the end of the 
test in lead Z (fig 3). 

Though the amplitude of the R wave 
decreased significantly during exercise, this 
response was extremely variable. Figure 4 
shows the changes in R wave amplitude in lead 
X plotted against heart rate and the corres- 
ponding values at rest. In lead X at peak 
exercise the amplitude of the R wave decreased 
by at least 0-1 mV in 39 of the 116 women. 
Table 2 shows additional information on the R 
wave changes during exercise. In concordance 
with the R wave response, the amplitude of the 
S wave increased considerably at the end of 
exercise in leads X and Y, but remained 
unchanged in lead Z (fig 5). Taken as a whole 
the changes in the QRS complex correspond to 
a gradual shift of QRS vectors during exercise 
rightwards and posteriorly, with a further shift 
in the same direction in the recovery period. 


ST segment 

ST segment amplitudes in leads X and Y 
decreased with increases in heart rate, but 
significantly more so in the inferiorly oriented 
lead. Figures 6A and 6B show ST segment 
amplitude in leads X and Y plotted against 
heart rate. Many of the ST measurements were 
in the lower range or even outside the 5 and 95 
percentile limits previously reported in male 
volunteers.” ST segment depression was 
significantly (p < 0-001) more pronounced in 
lead Y than in lead X at heart rate between 100 
and 160 beats/min. For instance, in lead X ata 
heart rate of 140 beats/min mean (SD) ST. was 
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Figure 5 Changes in maximal S wave amphtudes im 
Frank leads X, Y, and Z ın women at different heart 
rates during exercise and recovery. 
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Figure 6 Indrutdual changes in ST segment amplitude 
in Frank leads X (A) and (B) Y 60 ms after the J point 
in women during exercise. The 5 and 95 percentile limits 
for the same measurement ın male volunteers are shown." 


— 0:015 (0-032) (ST, 0-019 (0-040)) mV. At 
the same heart rate in lead Y, ST, was — 0:037 
(0-046) mV (ST æ, —0-021 (0-055) mV). ST, in 
the computed lead V5 at a heart rate of 140 
beats/min was also negative (—0-011) (ST, 
0-028) mV. ST segment amplitudes in leads X 
and Y became less negative at very high heart 
rate levels. To test the hypothesis that the 
different ST segment response in leads X and Y 
was related to changes in, or absolute values of, 
R wave amplitude, ST segment amplitude 
changes were adjusted for R wave amplitude at 
rest and at peak exercise in the various leads. 
No relation, however, was found between these 
electrocardiographic variables. ST segment 
amplitude became more negative with increas- 
ing age (table 1), and was thus associated with 
changes in heart rate as well as with age. This 
was particularly true in lead Y at heart rates of 
<160 beats per minute. Figure 7 shows ST 
segment changes during exercise in relation to 
the ST segment amplitudes in these leads at 
rest; this shows the different behaviour of the 
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Figure 7 Changes in ST amplitude in Frank 
leads X and Y 60 ms after the J point at different heart 
rates during exercise and recovery in women. The 
measurement ts grven in relation to baseline ST segment 
amplitudes. 
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Fgure8 Changes in maximal T wave amplitudes in 
Frank leads X and Y m women at different heart rates 
during exercise and recovery. 


ST segment response in lead X and Y during 
exercise in women. 


T wave 

During exercise the QT interval gradually 
shortened. T wave amplitude decreased early 
during exercise, but increased sharply in all 
leads immediately after the end of exertion 
(fig 8). There was a shift of the T wave 
rightwards and superiorly that was linearly 
dependent on heart rate during exercise. 


Discussion 

The continuing controversy about the clinical 
significance of electrocardiographic changes in 
women during exercise has limited the useful- 
ness of the test. ® Reference values for the 
exercise induced electrocardiographic changes 
` and variations in this response have been 
accurately established in men,”™™ but not in 
women. 

Our study had limitations. We studied 
healthy women with a mean age of 39 years; the 
results may be different in older women with 
symptoms who are screened for coronary artery 
disease in various clinical or outpatient set- 
tings. Also the exercise tests were performed 
ten years ago; but we doubt that there were 
significant secular trends in the characteristics 
of healthy women during this time. The ob- 
served association between age and ST seg- 
ment change should be considered in the light 
of the small number of elderly women in our 
study group. The study subjects did perform a 
maximal stress test-—as indicated by the work- 
load achieved, the peak heart rate, and systolic 
blood pressure.’ * 

Our study showed that with exercise maxi- 
mal P wave vectors shifted predominantly 
downwards, whereas maximal QRS vectors 
shifted to the right and posteriorly. The 
observed changes in P wave, QRS complex, 
and T wave in women resemble those described 
in men.!? 20 21 

Bonoris et al and Baron et al suggested that 
an increase in R wave amplitude during 
exercise was of diagnostic importance,** but 
the present results, indicating a highly 
unpredictable individual R wave response, do 
not support this. Others were also unable to 
confirm the diagnostic value of R wave 
amplitude changes.** Part of the reported 
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differences between R wave changes in subjects 
with and without coronary disease may be the 
result of differences in peak heart rate during 
the test. For example, Ilsley et al found that 
women with coronary disease had lower peak 
heart rates than those without (107 beats/min v 
130 beats/min).” In our study, mean R wave 
amplitude decreased during peak exercise in 
leads X and Y, but individual R wave changes 
were highly variable. In many tests R wave 
amplitude did not change or even increased 
either at the end of exercise or during lower 
levels of exercise. This phenomenon, also re- 
ported by others,” shows that R wave changes 
should not be used for the diagnosis of coronary 
disease in women. We performed a detailed 
analysis of the change in ST segment amplitude 
during exercise. ST segment amplitude in 
leads X and Y decreased significantly as heart 
rate increased: these changes which were 
augmented by age, were most noticeable in lead 
Y at heart rates of 120-160 beats/min. Our data 
indicate that in response to exercise $ wave 
vectors behaved similarly in these leads, 
making it unlikely that the behaviour of the S 
wave was responsible for this finding. Like 
others,” we did not find a relation between the 
height of the R wave and subsequent ST 
segment depression in that lead. 

Many reports have examined the diagnostic 
and prognostic value of exercise induced ST 
segment changes in women. In symptom free, 
healthy volunteers, ST segment depression of 
> 1 mm was reported in 2%” to 50% of middle 
aged women.’* In follow up studies, exercise 
induced ST segment depression proved to bea 
poor predictor of future coronary events in 
symptom free women and in those with atypical 
chest complaints.’ °°! In a review by Guiteras 
et al,” the specificity of the exercise electro- 
cardiogram in women with normal coronary 
arteries ranged from 63% to 92%."'* Leading - 
studies that compared ST segment changes in 
women with those in men always found that the 
specificity in men was slightly higher.’"' * For 
example, in the large series reported by Weiner 
et al, the specificity of the electrocardiographic 
response to exercise in the total population was 
74% in men compared with 64% in women.” 
However, in a paired subgroup matched for age 
and the presence and extent of coronary artery 
disease, no statistically significant differences 
were found between men and women in the 
percentages of false positive and false negative 
results. Although the present findings suggest 
that there is indeed a different ST segment 
response with higher heart rates in men and 
women, these conclusions have to be inter- 
preted with some caution. The two studies 
were not performed at the same time in our 
institution and the mean age of the men was 
higher.” On the other hand, given the 
predominance of younger women in this study 
and the observation that ST segment depres- 
sion increases with age, the present study may 
actually have underestimated the prevalence of 
ST segment depression in middle aged women. 
The conclusion that the prevalence of ST 
segment depression in women increases with 
age is supported by other reports.?** 
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The present quantitative data indicate that 
ST segment depression is especially common 
in women at high heart rates in the inferiorly 
oriented lead Y. Sketch et al too reported 
that a higher ST segment depression was more 
common in leads II, III, and aVF in 46 women 
without significant coronary disease.’ Guiteras 
et al too found that the specificity of the 
exercise induced ST segment depression in 
women was dependent on the electrocardio- 
graphic lead chosen, with lowest specificity in 
leads II, III, aVF, V5, and CM5.” 

Mechanisms that may contribute to the 
changes in P waves, QRS complexes, and ST 
segment during exercise have been summarised 
elsewhere." Changes in the position of 
electrodes relative to the heart, in the ionic 
balance, in haematocrit, and in intracardiac 
volume have all been implicated. There is no 
evidence that any one of these mechanisms acts 
differently in the two sexes and it seems 
unlikely that any of these factors can explain 
the different ST segment response to exercise 
in women. On the other hand, the observation 
that ST segment depression during exercise is 
more common in women cannot be explained 
solely by the lower incidence of coronary 
disease in women."' Other studies are warrant- 
ed to identify this so-called non-Bayesian 
factor. 

Our results indicate that in women exercise 
induced a downward shift of maximal P vectors 
and a shift rightwards and posteriorly of QRS 
vectors. This resembled the response in 
healthy men. Changes in R wave amplitude 
were unpredictable and should not be used for 
the diagnosis of coronary disease in women. ST 
segment depression increased with heart rate 
and with age. ST segment depression was more 
pronounced in lead Y than in lead X, though 
changes in S wave amplitude were similar in 
both leads. 


We thank Dr Phons Fels and Dr Nel Verbaan, who selected the 
volunteers and performed the exercise tests; Leon van Adrichem 
and Ruud de Waal for their help with the follow up data, and Jan 
Tyssen for help with the staustical analysis 
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Increase in native valve endocarditis caused by 
coagulase negative staphylococci: an Anglo- 
French clinical and microbiological study 


Jérôme Etienne, Susannah J Eykyn 


Abstract 

Native valve endocarditis caused by 
coagulase negative staphylococci has 
become more common. A study of 35 
cases showed that the infections were 
usually acquired in the community and 
occurred in men (mean age 51 years). 
A pre-existing cardiac abnormality 
(mitral leaflet prolapse in a third of 
patients) was detected in 26 (74%). The 
source of the organisms in the commun- 
ity acquired infections was assumed to 
be the skin, though lesions were seldom 
demonstrated; most hospital acquired 
infections resulted from intravenous 
devices. Community acquired organisms 
were usually sensitive to penicillin, 
whereas those acquired in hospital were 
often multiresistant. Most infections 
were caused by Staphylococcus epider- 
midis. The frequency of acute presenta- 
tion (26%) and of major neurological 
abnormality (23%), together with the 
need for valve replacement (often 
emergency) (51%) and the mortality 
(36%) suggest that coagulase negative 
staphylococci can be virulent aggressive 
pathogens, mimicking Staphylococcus 


aureus, 


It has long been recognised that coagulase 
negative staphylococci can cause infective 
endocarditis on native heart valves. In series 
reported before valve replacement surgery 
became available coagulase negative staphy- 
lococcal infection was responsible for about 
1% of cases.'* Some later series have reported 
a higher incidence, * but these have included 
both native and prosthetic infections and 
coagulase negative staphylococci are the com- 
monest pathogens in prosthetic valve endocar- 
ditis. We recently noticed in our two hospitals 
a considerable increase in infective endocar- 
ditis of native valves caused by coagulase 
negative staphylococci. There were no cases in 
St Thomas’s Hospital between 1968 (when 
detailed records began) and 1976, but between 
1977 and 1989 there were 16 cases, accounting 
for 10-4% of the 154 cases of infective 
endocarditis of native valves seen during the 
period. In the Hôpital Louis Pradel, Lyon, no 
cases were detected between 1970 (when 
detailed records began) and 1975, but between 
1976 and 1989 there were 19 cases, accounting 
for 4:4% of the 430 cases of native valve 
endocarditis seen. We present the clinical, 
microbiological, and epidemiological features 
of the infection in these 35 patients. 


Patients and methods 

In both hospitals, the medical staff of the 
microbiology department, in close liaison with 
their clinical colleagues, keep detailed pros- 
pective records on every patient with infective 
endocarditis. These records together with 
hospital inpatient notes provided the data for 
this study. 

The diagnosis of infective endocarditis was 
based on the isolation of the same coagulase 
negative staphylococcus from at least two sets 
of blood cultures and a compatible clinical 
syndrome (fever together with a new or chan- 
ging cardiac murmur, embolic or cutaneous 
manifestations), or operative or necropsy 
evidence of endocarditis. In St Thomas’s 
Hospital strains were sent to Dr R Marples of 
the Staphylococcus Reference Unit, Central 
Public Health Laboratory, Colindale, for 
identification and typing, though latterly they 
were also speciated at St Thomas’s Hospital 
by the API STAPH (API System, Montalieu- 
Vereieu, France) and most recently ATB 32 
STAPH (API System) systems. The French 
strains were identified by the same systems 
at the Centre National de Reference des 
Staphylocoques (Professor J Fleurette). Sus- 
ceptibility to a range of anti-staphylococcal 
antibiotics was estimated by a diffusion 
method and results confirmed in many cases 
by estimation of the minimum inhibitory and 
bactericidal concentrations. 


Results 

Clinical and microbiological features and the 
treatment and outcome of the British and 
French cases seemed to be similar. 


CLINICAL FEATURES 

Twenty seven of the 35 patients with 
coagulase negative staphylococcal endocarditis 
on a native valve seen during the 14 year 
period were men (mean age 51 years (range 
20-80 yr) and eight were women (mean age 52 
years (range 21-76 yr)). None was a drug 
addict. 

The length of symptoms varied: in 14 
(41%) patients symptoms had been present 
for >2 months (maximum 7 months), in eight 
(24%) for 2-8 weeks, and in nine (26%) for 
<2 weeks (in 6 of these nine cases they had 
been present for less than a week). Three 
patients presented with an acute cerebrovas- 
cular episode, and endocarditis was diagnosed 
in one when she was admitted to hospital for 
an elective valve replacement for calcific aortic 
stenosis. Fever was a constant finding, with 
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weight loss and anorexia usual in the chronic 
cases. Cutaneous manifestations were detected 
in 11 (31%) patients (clubbing five, Osler’s 
nodes four, splinter haemorrhages four) and 
splenomegaly in eight (23%). A major 
neurological abnormality was seen in eight 
(23%) patients; in seven this had precipitated 
referral to hospital and in the eighth hemi- 
plegia developed after 4 days’ treatment. 
These thromboembolic events included hemi- 
plegia, dysphasia, and internuclear ophthal- 
moplegia. One patient presented with menin- 
gitis; his cerebrospinal fluid contained 
1870 x 10° white blood cells per litre (95% 
polymorphonuclear cells) but was sterile on 
culture. He had a temporoparietal lesion, 
initially thought to be an abscess, but more 
probably of embolic origin. Peripheral emboli 
were detected in four patients. 

Twenty six (74%) of the 35 patients had a 
pre-existing cardiac abnormality either con- 
genital or acquired: mitral leaflet prolapse 
(eight) (one with Marfan’s syndrome), bicus- 
pid aortic valve (two), mitral leaflet prolapse 
plus bicuspid aortic valve with Marfan’s syn- 
drome (one), ventricular septal defect (one), 
rheumatic heart disease (two), murmurs of 
unknown aetiology (12). Twenty patients were 
known to have a predisposing cardiac abnor- 
mality, and four of them had experienced a 
previous episode of infective endocarditis with 
a different organism. In the other six patients 
the cardiac abnormality was detected during 
their admission with infective endocarditis. 
Infective endocarditis did not show a predelic- 
tion for a particular valve. Haemodynamic 
failure was detected on admission in 19 (54%) 
patients. 

Three patients complained of persistent 
backache; scanning and radiography showed 
evidence of vertebral osteomyelitis in the lum- 
bar vertebrae in two patients and in both the 
lumbar and cervical vertebrae in the third. 
Though confirmatory biopsy specimens were 
not obtained, antibiotic treatment resulted in 
clinical and radiographic improvement. 


LABORATORY INVESTIGATIONS 

The mean haemoglobin at diagnosis was 
113 g/l in men (range 78-155) and 104 g/l in 
women (range 89-132), the mean white blood 
cell count was 10:1 x 10° g/l (range 4-6-17 6), 
and the mean erythrocyte sedimentation rate 
for the 25 patients in whom it was measured 
was 63 mm/h (range 6-120). Haematuria was 
detected in eight (42%) of the 19 patients 
investigated by microscopy. 


MICROBIOLOGICAL FINDINGS 

In all 35 patients, at least two sets of blood 
cultures were positive for the same coagulase 
negative staphylococcus: in 25 (71%) every 
bottle yielded the pathogen, in seven of the 
other 10 patients at least 75% of bottles were 
positive, in two 50% were positive, and in one 
the coagulase negative staphylococcus was only 
recovered from three of 12 bottles. 
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In 32 (91%) patients the coagulase negative 
staphylococcus was Staphylococcus eptdermidts 
(sensu stricto), in one patient accompanied by 
S haemolyticus in all bottles. Organisms from 
the other three patients were S warneri, S 
hominis (this could have been S lugdunensis 
because it was isolated in 1981, before S 
lugdunensts was described’), and a strain that 
defied satisfactory speciation. 

Antibiotic susceptibility varied: 13 36%) 
strains were sensitive to all anti-staphylococcal 
agents tested including penicillin, and eight 
(22%) were resistant to four or more 
antibiotics, always including penicillin, meth- 
icillin, and gentamicin. All isolates were sen- 
sitive to vancomycin. 


EPIDEMIOLOGY OF THE INFECTION 

Infections were classified as community 
acquired if the patient had no relevant recent 
history of hospital admission or treatment or as 
hospital acquired. In 23 (66%) the infection 
was community acquired: three patients had 
received dental treatment within the preceding 
3 months without antibiotic prophylaxis 
(extractions in one, and other treatment not 
specified in two); a man with non-insulin 
dependent diabetes had cut his hand a week 
before malaise, fever, and chest pain 
developed. This lesion was healed on admis- 
sion. One further patient, who had had a 
previous splenectomy, had an infected hand 
wound with lymphangitis six months before 
the onset of symptoms of endocarditis. No 
other predisposing factors could be identified, 
though one other patient had non-insulin 
dependent diabetes. 

In the other 12 patients the infection was 
hospital acquired: in seven it resulted from an 
infected intravenous line, in one from the 
arteriovenous fistula used for haemodialysis, in 
one probably from a cardiac catheter two 
months earlier, and in one from urinary infec- 
tion with the same strain after transurethral 
resection of prostate. In the other two patients 
whose infection was hospital acquired the 
source of the coagulase negative staphylo- 
coccus was less clear: one 21 year old woman 
with mitral leaflet prolapse and Marfan’s syn- 
drome became unwell within days of a forceps 
delivery; she had had an epidural and a single 
intravenous injection. The other patient 
became unwell after a cystoscopy and had had a 
peripheral cannula for intravenous access for 4 
days. A constant feature of all these patients 
with hospital acquired infective endocarditis 
was previous antibiotic treatment. Whereas the 
coagulase negative staphylococci isolated 
from the community acquired infections were 
very sensitive to antibiotics, most strains from 
hospital acquired infections were multi- 
resistant. 


PROGRESS, TREATMENT, AND OUTCOME 

Full details of follow up were available for 
all but two of the 35 patients; one of those lost 
to follow up refused the proposed valve 
replacement operation and discharged himself 
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and the other had two recurrences of the 
infection, despite appropriate antibiotics, and 
returned to Iraq. Twelve (36%) of the remain- 
ing 33 patients died. Sixteen patients (46%) 
underwent valve(s) replacement during their 
admission with infective endocarditis; one 
required a second aortic valve replacement 
within 6 weeks of the first operation. Two 
patients required valve replacements 1 year and 
3 years respectively after successful medical 
treatment of infective endocarditis. Six 
patients died after valve replacement as did six 
of those who did not have a valve replacement. 

Both the antibiotic regimens used and the 
length of treatment varied. Patients nearly 
always received two antibiotics: usually a 
penicillin (occasionally a cephalosporin) plus 
an aminoglycoside; vancomycin, alone or in 
combination with various other agents was 
used for the multiresistant strains. The length 
of treatment in survivors varied from 2 weeks to 
3 months. Pristinamycin, pefloxacin, and 
oxacillin were used in some of the French 
patients. No attempt was made to institute a 
standard regimen in either country. The choice 
of antibiotic was determined by the sensitivity 
of the organism and by the clinician in charge, 
advised by the microbiologist. 


Discussion 

This is the largest reported series of native 
valve endocarditis caused by coagulase 
negative staphylococci, an infection that has 
clearly become more common during the past 
decade. Sixty years ago, Thayer noted an 
incidence of “Staphylococcus albus” infective 
endocarditis of 1-96% in 306 cases observed 
over 40 years at Johns Hopkins Hospital,’ but 
in a further 232 cases reported in the preceding 
30 years he found only one other case, that 
reported by Lenhartz in 1901.° Thayer con- 
cluded that “endocarditis due to Staphylo- 
coccus albus is an occasional phenomenon”. 
Twenty years later, Cates and Christie repor- 
ted a 1% incidence of “Staphylococcus albus” in 
408 culture positive cases of infective endocar- 
ditis.* In the 1950s the advent of mitral 
valvotomy and later of prosthetic valve 
replacement saw the emergence of coagulase 
negative staphylococci as major pathogens in 
post-cardiotomy endocarditis, particularly in 
individuals with prosthetic valves, and their 
role as pathogens in endocarditis of the native 
valve tended to be overlooked. Recent reports, 
including this study, suggest that the incidence 


of native valve endocarditis caused by 
coagulase negative staphylococci has 
increased.’ ° 


Coagulase negative staphylococci are normal 
inhabitants of the skin and mucous membranes 
and different species vary in their distribution 
throughout the body. It seems likely that 
coagulase negative staphylococcal endocarditis 
on native valves is largely an endogenous 
infection. There is good evidence that 
coagulase negative staphylococci elaborate 
some of the exoproteins produced by S aureus, 
some of which are recognised virulence 
factors.” These exoproteins may have a role 
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in the pathogenicity of coagulase negative 
staphylococci. The epidemiology of coagulase 
negative staphylococcal endocarditis is more 
readily determined for infections acquired in 


‘hospital than those acquired in the community. 
Hospital acquired cases usually result from 


infection of intravascular catheters or devices. 
Nosocomial endocarditis is now as commonly 
caused by coagulase negative staphylococci as 
by S aureus.” In common with published 
reports, most of our infections were commun- 


ity acquired, often with no discernible source. 


Minor abrasions may well escape detection, 
and, as with S aureus infections, one has to 
conclude that the organism has come from the 
skin but its site of entry into the blood stream 
remains unknown. The relevance of dental 
treatment is difficult to assess, though a dental 
source for coagulase negative staphylococcal 
endocarditis has been reported‘! and 
coagulase negative staphylococci have been 
isolated from blood cultures taken after dental 
treatment.'* ” 

Although the clinical presentation was 
similar to that of infective endocarditis caused 
by “viridans”? streptococci, certain features 
suggest that coagulase negative staphylococci 
are more aggressive pathogens: firstly, one 
quarter of the patients had had symptoms for 
<2 weeks, which is most unusual in “‘viridans”’ 
infection; secondly, 23% of patients had a 
major neurological abnormality, one with 
meningitis; and lastly, concomitant vertebral 
osteomyelitis was found in 9%. Tuazon and 
Miller reported two cases of osteomyelitis of 
the cervical spine (one with infective endocar- 
ditis, one without) among their 10 cases of 
serious infections with coagulase negative sta- 
phylococci,'4 and Wood et al reported a case of 
lumbar vertebral osteomyelitis and native valve 
infective endocarditis caused by S warnert.” 
The high mortality in our series and the need 
for valve replacement, in most cases during 
the initial period of treatment, suggest that 
coagulase negative staphylococci can be 
virulent destructive organisms resembling S 
aureus rather than “viridans” streptococci. 
Caputo ‘et al reported a lower mortality (19%) 
in their 21 patients, but a similar proportion of 
valve replacement operations (43%).’ The 
mortality rate for “‘viridans”’ infective endocar- 
ditis on native valves was 6% in Bayliss et al’s 
study in 1981-2, 7% in cases seen at St 
‘Thomas’s Hospital over the past 20 years, and 
10% in Lyon since 1980. This compares with a 
mortality of 53% (26/48) in patients with S 
aureus on native valves (non-addicts) seen at St 
Thomas’s Hospital over the same period and 
39% (19/49) in Lyon. 

Three quarters of our patients had a pre- 
existing cardiac abnormality, a similar figure to 
that reported by Caputo er al in their 21 cases 
of infective endocarditis caused by coagulase 
negative staphylococci.” The commonest con- 
genital abnormality was mitral leaflet prolapse, 
detected in nine (26%) of our patients; this 
abnormality is being increasingly recognised as 
a precursor of endocarditis. The association 
of coagulase negative staphylococcal endocar- 
ditis and mitral leaflet prolapse has been noted 


before.® !7 18 


In common with other bacterial endocar- 
ditides the coagulase negative staphylococci 
were isolated from most blood cultures taken; 
and our rate of 71% of bottles resembles that 
reported by Caputo et al (67%).' In contrast, 
Quinn and Cox found that though blood 
cultures were uniformly positive from their 
patients with post-cardiotomy coagulase 
negative staphylococcal endocarditis, only one 
of nine of those with native valve infection 
showed this pattern.‘ More worrying was our 
patient from whom the infecting coagulase 
negative staphylococcus was only recovered 
from 3 of 12 bottles, and Quinn and Cox 
reported on a patient who received no 
antibiotic treatment for what was shown at 
necropsy to be infective endocarditis because 
the coagulase negative staphylococcus was only 
isolated from 2/9 blood cultures and was dis- 
regarded as a contaminant. Repeat isolation of 
the same coagulase negative staphylococcus 
from the blood, even if it is not consistent, 
should not lightly be dismissed as contamina- 
tion. 

Our series showed that S epidermidis (sensu 
stricto) was the commonest species causing 
infective endocarditis, but various other 
species can also cause the disease. Richardson 
et al found that S epidermidis accounted for a 
greater proportion of coagulase negative sta- 
phylococcal endocarditis on prosthetic valves 
than on native valves (85 v 56%). Many 
reports, however, refer to S epidermidis without 
giving any information on speciation, and until 
recently it has been usual to label any coagulase 
negative staphylococcus as S epidermidis. 

Antibiotic susceptibility was variable, but a 
major difference emerged between those 
strains acquired in the community and those 
acquired in hospital. Two thirds of strains 
acquired outside hospital were sensitive to all 
anti-staphylococcal agents including penicillin, 
and most of the others were resistant.only to 
penicillin; whereas hospital strains were always 
resistant to penicillin and two thirds of them 
were multiresistant (including methicillin). In 
many reported cases of coagulase negative 
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staphylococcal infection of a native valve the 
organisms were penicillin sensitive. This pat- 
tern of infection contrasts strongly with infec- 
tive endocarditis caused by S aureus where 
most isolates, wherever acquired, are resistant 
only to penicillin. 


We thank the clinicians m the Hépital Louis Pradel and St 
Thomas’s Hosprtal for permission to study their patients, and 
Dr Yvonne Brun and Dr Michele Bes of Lyon and Dr R Marples 
of Colindale for identification and typing of the strams. 
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Anomalous subaortic position of the 
brachiocephalic vein (innominate vein): 
an echocardiographic study 


Jung Yun Choi, Mi Jin Jung, Young Hwi Kim, Chung Il Noh, Yong Soo Yun 


Abstract 
In 24 (0:98%) of 2457 patients with con- 
genital heart disease the brachiocephalic 
vein was in an anomalous position below 
the aortic arch. This is a much higher 
proportion of such cases than reported 
so far. This high frequency may arise 
from differences in the study population 
and the method of diagnosis. This venous 
anomaly was more common in patients 
with tetralogy of Fallot or ventricular 
septal defect with pulmonary atresia. 
Patients with the venous anomaly were 
more likely to have a right aortic arch. 
The anomalous course of the brachio- 
cephalic vein from the neck to the junc- 
tion of the superior vena cava was shown 
by cross sectional echocardiography. In 
doubtful cases, Doppler study usually 
clarified the anatomical arrangement. 


The left innominate vein extends from the 
junction of the left internal jugular vein and 
the left subclavian vein to the superior vena 
cava. It runs above and in front of the aortic 
arch and in front of the left subclavian, left 
common carotid, and innominate arteries. In 
atrial situs inversus the arrangement of the 
systemic veins is usually the mirror image of 
this. j 

Rarely the left brachiocephalic vein takes an 
anomalous course below the aortic arch. This 
was first described by Kershner a hundred 
years ago.' Smallhorn et al described echo- 
cardiographic findings of this anomaly? and 
Gerlis and Ho recently reviewed a total of 25 
patients including three of their own.’ 
Though this anomaly is not clinically 
important, it may be confused with the pul- 
monary artery in cross sectional echocar- 
diography especially in the patients with very 
hypoplastic or atretic central pulmonary 
arteries. 

Gerlis and Ho thought that this venous 
anomaly was very rare—about one in 500 
congenitally malformed hearts. But we found 
that this lesion is not rare in certain cardiac 
defects. We found 24 cases among 2457 
echocardiograms of congenital heart disease in 
21 months and we report the incidence and 
associated congenital heart diseases in this 
malformation. 


Patients and methods 
We reviewed echocardiograms obtained be- 
tween January 1988 and September 1989 in the 


department of paediatrics, Seoul National 
University Children’s Hospital to find out the 
total number of new patients with congenital 
heart disease, the types of cardiac defect, and 
the patients who had an anomalous brachio- 
cephalic vein running below the aortic arch. If 
necessary, the diagnosis of the cardiac defects 
was updated after cardiac catheterisation or 
cardiac surgery. 

The diagnosis of a subaortic brachiocephalic 
vein was mainly based on the cross sectional 
echocardiographic and Doppler findings. In 
the first few cases cardiac catheterisation con- 
firmed the anomalous position of the brachio- 
cephalic vein. Some cases had surgical confir- 
mation too. 

We used the 7’ test or Fisher’s exact test for 
statistical analysis and a p value < 0-05 was 
regarded as significant. 


Results 

Twenty four (0:98%) patients with an 
anomalous subaortic brachiocephalic vein were 
found among 2457 patients with congenital 
heart disease. Twenty three patients had a 
normally arranged atria and the left brachio- 
cephalic veins were below the aortic arch. One 
patient had atrial inversion, a left sided 
superior vena cava, and a right brachiocephalic 
vein associated with a complex intracardiac 
defect. In this patient the right brachiocephalic 
vein was below the left aortic arch and 
intracardiac defects consisted of discordant 
atrioventricular connection with single atrio- 
ventricular valve, single aorta from right ven- 
tricle, and pulmonary atresia. Table 1 shows 
the frequency with which the venous anomaly 
was found in several cardiac malformations. It 
was very common in cases of tetralogy of Fallot 
and ventricular septal defect with pulmonary 
atresia. Table 2 summarises the clinical charac- 
teristics and the frequency of right aortic arch 
in the patients who had either tetralogy of 
Fallot or ventricular septal defect with 


Table 1 Frequency of anomalous brachiocephalic vein in 
some cardiac malformations 


Cardiac No mth No mth F 

lesion cardiac defect anomalous vem (%) 

VSD 1042 l 001 

TOF 177 10 57 

VSD + PA 57 10 175 
1181 3% 

Total 2457 24 0 98 


*Each panent had truncus arteriosus, complete transposition 
of the great arteries, and a complex anomaly with inverted 
atrial situs 

PA, pulmonary atresia; TOF, tetralogy of Fallot; VSD, 
ventricular septal defect. 


386 


Table 2 Clinical characteristics and laterality of aortic arch in patients with subaortii 


brachiocephalic vein 


SSS 





Cardiac Age 
defect mean 
Pi ranpi 
TOF |I yvr 9 mnth 
10 |! mnth-10 yr) 


VSD + PA t vr 9 mnth 


10 3 mnth-10 yr) 





Proportion 
of right 
ó 


AA 


50 


Proportion of 
right AA in 
those without 


venous anomaly 





20:4 


21-3 





AA, aortic arch. See footnote to table 1 for other abbreviations 


Figure 1 Frontal view 
from suprasternal notch 
showing the subaortic left 
brachiocephalic vein 
arrows) running in front 
of the left subclavian 
artery and below the left 
innominate artery and 
aortic arch. Ao, aorta; 
IA, innominate artery. 


Figure 2. Suprasternal 
para-sagittal view shows 
two circular structures 
below the aortic arch. The 
upper circle (arrows) ts 

the left brachiocephalic 
vein and the lower one ts 
the right pulmonary artery 


RPA 


Figure 3 Doppler 
spectrum B) recorded 
from the left 
brachiocephalic vein (A 
and showing lou velocity 
venous flow toward the 
heart. 
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associated pulmonary atresia and the brachio- 
cephalic vein in an anomalous position. The 
table also shows how often a right aortic arch 
was diagnosed in patients with the same cardiac 
defects but without an anomalous brachio- 
cephalic vein during the same period. A right 
aortic arch was significantly more common in 
patients with an anomalous vein than in those 
without (p < 0-05 in tetralogy of Fallot and 
p < 0-05 in ventricular septal defect with 
pulmonary atresia), 

Five patients had a persistent ductus 
arteriosus. Three of them had a ventricular 
septal defect, pulmonary atresia, a right aortic 
arch, and a left ductus arteriosus arising from 
the left innominate artery. Another patient had 
tetralogy of Fallot, left aortic arch, and a left 
ductus arteriosus and the remaining patient 
had atrial situs inversus, a left aortic arch, right 
ductus arteriosus from the right innominate 
artery, and the intracardiac defects described 
earlier. The ductus arteriosus always passed in 
front of the anomalous brachiocephalic vein. 
Ten of the 19 patients without a persistent 
ductus arteriosus had an operation. But in the 
surgical descriptions of these operations there 
was no comment of the presence of a ligamen- 
tum arteriosum or its relation to the anomalous 
vein. 

Cross sectional echocardiography in the 
suprasternal frontal plane showed the 
anomalous left brachiocephalic vein between 
the right pulmonary artery (below) and the 
aorta (above). This anomalous vein could 
usually be traced to the left side of the neck 
when the transducer is tilted leftwards and 
anteriorly. In patients with a right aortic arch 
and left innominate artery, the anomalous vein 
descended from the left side of the neck and 
crossed the left subclavian artery anteriorly, 
ran under the left innominate artery, and then 
joined the superior vena cava (fig 1). When the 
ductus arteriosus arose from the left in- 
nominate artery, slight tilting of the transducer 
showed the relation between the vein and the 
ductus. But in patients with a left aortic arch 
this vein ran in front of the left common carotid 
and left subclavian arteries so that it was very 
difficult to get a simultaneous demonstration of 
this vein and head and neck arteries. 

The parasagittal view showed two circles 
below the aortic arch. The upper one is the 
anomalous vein and the lower one is the right 
pulmonary artery (fig 2). Doppler examination 
showed the typical venous flow signal toward 
the heart (fig 3). 


Discussion 

The anomalous subaortic course of the left 
brachiocephalic vein was first described about 
a hundred years ago.’ Gerlis and Ho reviewed 
25 cases, including three of their own patients.’ 
They reported that all these patients had an 
anomalous left brachiocephalic vein. In our 
study we found one patient who had a right 
brachiocephalic vein below the left aortic arch 
with an inverted atrial arrangement. Gerlis and 
Ho estimated the incidence of this malforma- 
tion to be about 0:2% in their necropsy series. 


Anomalous subaortic position of the brachiocephalic vein (innominate vein) : an echocardtographac study 


In our clinical study we found the anomaly in 
0:98% of patients. This difference may be due 
to the difference in the study population and 
the method of diagnosis. The two echocar- 
diographers in our laboratory are well aware of 
this anomalous position of the brachiocephalic 
vein and the echocardiographic findings when 
this lesion is present are so characteristic that 
they are unlikely to miss or overdiagnose this 
lesion. The lower incidence found in the 
necropsy series may have been lower because 
tetralogy of Fallot and ventricular septal defect 
with pulmonary atresia, both conditions in 
which the venous anomaly is common, do not 
have a high mortality rate. Therefore these two 
cardiac malformations were less common in the 
necropsy series. Furthermore this lesion might 
be missed during the routine examinations. 

Because we do not know of another clinical 
study of the incidence of this venous anomaly it 
is impossible to tell whether there is a racial 
variation. 

Smallhorn et al described the echocardio- 
graphic findings associated with anomalous 
brachiocephalic vein and cautioned that this 
lesion might be confused with the central 
pulmonary artery.? The echocardiographic 


findings in our cases are almost the same as ` 


those described by Smallhorn et al, and in 
addition, we found that this vein was usually 
traceable to the left side of the neck. If this vein 
is properly traced, it is not likely to be confused 
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with other vessels, and in doubtful cases Dop- 
pler study usually clarifies the situation. 

The most frequently associated cardiac 
defects were tetralogy of Fallot and ventricular 
septal defect with pulmonary atresia, both of 
which were present in 20 of the 24 cases with 
the venous anomaly. Another two patients had 
conotruncal anomalies—truncus arteriosus or 
transposition of the great arteries. There were 
22 conotruncal anomalies in total. This associa- 
tion of anomalous subaortic brachiocephalic 
vein with the conotruncal anomalies seems to 
be highly significant. In addition, a right aortic 
arch was more common in patients with the 
venous anomaly than in those without. The 
embryological origins of the anomalous vein 
have been reviewed’ but the relation between 
the abnormal position of the brachiocephalic 
vein, conotruncal cardiac anomalies, and the 
right aortic arch has yet to be established. 


This study was partly supported by the Seoul National Univer- 
sity Children’s Hospital Research Fund 
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Circadian variation of heart rate is affected by 
environment: a study of continuous 
electrocardiographic monitoring in members of a 


symphony orchestra 


D Mulcahy, J Keegan, A Fingret, C Wright, A Park, J Sparrow, D Curcher, K M Fox 


Abstract 

Twenty four hour ambulatory ST seg- 
ment monitoring was performed on 48 
members (43 players and five members 
of the management/technical team) of 
the British Broadcasting Corporation 
(BBC) symphony orchestra without a 
history of cardiac disease. This period 
included final rehearsals and live per- 
formances (for audience and radio) of 
music by Richard Strauss and Mozart at 
the Royal Festival Hall (n = 36) and 
Rachmaninov and Tchaikovsky at the 
Barbican Arts Centre (n = 21). During 
the period of monitoring one person 
(2%) had transient ST segment changes. 
Mean heart rates were significantly 
higher during the live performances 
than during the rehearsals. Mean heart 
rates during the live performance of 
Rachmaninov and Tchaikovsky were sig- 
nificantly higher than during Strauss 
and Mozart in those (n = 6) who were 
monitored on both occasions. Mean 
heart rates in the management and tech- 
nical team were higher than those of the 
players. The recognised circadian pat- 
tern of heart rate, with a peak in the 
morning waking hours, was altered 
similarly during both concert days, with 
a primary peak occurring in the evening 
hours and a lesser peak in the morning 
for both musicians and management/ 
technical staff. 

This study showed that environmental 
factors are of primary importance in 
defining the circadian pattern of heart 
rate. This has important implications 
when identifying peak periods of car- 
diovascular stress and tailoring drug 
treatment for patients with angina pec- 
toris. 


The morning waking hours are the peak time 
for myocardial ischaemia,'* acute myocardial 
infarction,>* and sudden cardiac death.’°® 
Allied circadian patterns include morning 
peaks in heart rate,’ blood pressure,’ 
catecholamine and cortisol secretion,® coron- 
ary vasoconstriction,’ platelet stickiness,” and 
a morning trough in fibrinolytic activity." ” 
Studies have shown that f blockade, by 
blunting the increase in the determinants of 
myocardial oxygen consumption, significantly 


altered the circadian pattern of ischaemia,’ 
myocardial infarction, * and sudden cardiac 
death.'? The inference from these studies is 
that therapeutic protection should be maximal 
in the morning waking hours, and that at this 
time the determinants of myocardial oxygen 
consumption require suppression. 

It is mot clear whether the physiological 
pattern of heart rate alters appreciably in 
those who perform their primary activities in 
the evening or whether heart rate patterns are 
primarily related to the act of waking and are 
somewhat independent of the patterns of 
activity during daily life. To assess whether 
the circadian pattern of heart rate is sig- 
nificantly and reproducibly altered by work 
pattern we studied members of a symphony 
orchestra, who rose in the morning and were 
active during the day, before carrying out 
their major body of work in the evening. 

We also assessed the cardiovascular respon- 
ses of the orchestra during the rehearsals and 
the live performances and individual vari- 
ations in response to different pieces of music. 
In view of the concern about “‘stress”’ in the 
players in an orchestra, we also investigated 
cardiovascular responses in members of the 


management and technical team for 
comparison. 
Patients and methods 


We studied 48 (36 men and 12 women aged 
22-59 (mean 40)) members of the British 
Broadcasting Corporation Symphony Orches- 
tra. All volunteered to undergo 24 hours of 
ambulatory ST segment monitoring on the 
day of a final rehearsal and live performance 
broadcast on radio 3. Five were members of 
the management and technical staff of the 
orchestra. Instruments played during the 
monitoring periods included the violin (10), 
viola (three), cello (five), double bass (four), 
flute (four), trumpet (two), trombone (two), 
clarinet (two), bassoon (two), horn (four), 
oboe (one), tuba (one), organ (one), and 
tympani (two). 

Thirty six subjects (35 players, 1 manage- 
ment) underwent 24 hours of electro- 
cardiographic monitoring. This period 
included a final rehearsal in the morning and a 
live performance of Richard Strauss 
(Metamorphosen, Vier letze Lieder, and Drie 
Frau ohne Schatten) and Mozart (Symphony 
No 40 in G minor (K550)) in the evening, 


Circadian variation of heart rate is affected by environment 


performed at the Royal Festival Hall. Mon- 
itoring started before the rehearsal and the 
monitors were removed the next morning. 
Because some of the players thought that 
playing Strauss and Mozart was not 
particularly stressful we also monitored 21 
people (17 players, four management staff) for 
24 hours during final rehearsal and a live 
performance of Rachmaninov (Symphony No 
2 in E minor) and Tchaikovsky (Concert 
Fantasy: Bluebird pas de deux (Tchaikovsky/ 
Stravinsky)) at the Barbican Arts Centre. 
Nine (all musicians) had previously been 
monitored at the Royal Festival Hall. Again 
monitoring was started before the rehearsal 
and the monitors were removed the next 
morning. 

We used pregelled electrodes to record two 
bipolar leads (an anterior lead (CM5) and an 
inferior lead). The sites and method of 
application were described elsewhere.'* Two 
channel recordings were taken on magnetic 
tape by an amplitude modulated dual channel 
recorder (Reynolds Tracker). All tapes were 
visually analysed at 60 times normal speed 
with a Reynolds Pathfinder 3 and printouts 
were at 25 m/s. Any rhythm disturbance or 
change in the ST segment was recorded. Sig- 
nificant ST segment depression was defined 
as planar or downsloping ST segment shift of 
> 1 mm measured 0.08 s after the J point that 
persisted for > 1 minute. 

One of the 48 individuals who underwent 
continuous ambulatory electrocardiographic 
monitoring was excluded from subsequent 
analysis because he was taking medications 
likely to affect the heart rate pattern. No other 
subject was taking any such medications at the 
time of study. Tapes from a further two 
subjects in the second concert (both also 
underwent monitoring during the first con- 
cert) were unanalysable for technical reasons. 

In addition to visual analysis, we obtained a 
computerised printout of the results of each 
tape, which included the maximum and min- 
imum heart rate recorded every five minutes 
throughout the 24 hour period of monitoring 
(total of 576 heart rate measurements/ 
person/24 h). A total of 32 832 heart rate 
measurements from the analysable tapes were 
then manually incorporated on to a computer- 
ised worksheet for further analysis. 


STATISTICAL ANALYSIS 
Maximum and minimum heart rates for each 
five minute recording were averaged for the 
musicians monitored on the day of the first 
concert, those monitored on the day of the 
second concert, and those monitored on both 
concert days. The mean maximum and min- 
imum heart rates were plotted against time of 
day to show the circadian distributions. Mean 
hourly maximum and minimum heart rates 
were also plotted and two harmonic Fourier 
fits superimposed to elucidate the circadian 
patterns. We used mean hourly heart rates to 
compare the circadian patterns with those 
previously described in healthy volunteers. 
We used the Wilcoxon signed rank sum test 
to compare the mean maximum heart rates 
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achieved by the musicians during both live 
performances and rehearsals; the hourly mean 
maximum heart rates of the musicians mon- 
itored on the day of concert 1 with those 
monitored on the day of concert 2; the heart 
rates of the string section during concert 1 
with those of the wind section in the same 
concert; and the hourly mean maximal heart 
rates of the management and technical staff 
with those of the musicians. We used the 
Wilcoxon matched pairs rank sum. test to 
compare heart rates achieved during concert 1 
with those in concert 2 in those who perfor- 
med live on both monitoring days. 


Results 

Data on 42 players (six in both concerts) and 
five members of the management and technical 
staff were available for analysis. 

Figure 1 shows the circadian pattern of heart 
rate (Mean maximum and minimum) in all 42 
musicians investigated. This shows a peak in 
the morning waking hours (the recognised time 
of maximal heart rate activity in healthy 
people), but a greater peak during the evening. 
To establish whether the pattern of heart rate 
responses differed on the two concert days we 
compared the mean maximal and minimal 
heart rates of those studied every five minutes 
throughout the days (fig 2). This shows that the 
circadian patterns of mean and 
minimal heart rates were similar on both mon- 
itoring days with a peak in heart rate in the 
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Figure 1 (Top) Circadian pattern of mean maximum 
and minimum heart rates measured every five minutes 
throughout the day in 42 players. (Bottom) Mean hourly 
maximum and minumuom heart rates uth bimodal fits 
superimposed. The approximate times of rehearsals and 
live performances are tndicated. 
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Figure 2 (Top) 
Circadian pattern of 
masamum and minimum 
heart rates measured every 
five minutes throughout 
the day tn 34 players 
during 24 hours that 
included a concert 

( Strauss] Mozart). 
(Middle) Similar 
circadian pattern in 14 
players throughout the day 
of the second concert 

( Rachmaninov] 
Tchatkovusky ). 

(Bottom) halal of 


Figure3 (Top) 
Circadian pattern of mean 
maximal heart rates in 42 
musicians and 5 
management] technical 
staff. (Bottom) Histogram 
showing the mean hourly 
differences m maximum 
heart rates between the 
management] technical 
staff and musiaans. 
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evening hours. Except for two hours (13-00 h 
(97 beats/min concert 1 v 90 beats/min concert 
2,p < 0-05) and 22-00 h (97 beats/min concert 
1 v 106 beats/min concert 2, p < 0-05)) there 
were no significant differences in hourly mean 
maximal heart rates during the two concert 
days. 

Mean maximum heart rates were signific- 
antly higher during the live performances than 
during the final rehearsals (concert 1, 97-7 v 
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Figure 4 (Top) Comparison of the mean hourly heart 
rate changes m the 42 musicians during both monitoring 


days and the circadian pattern of mean hourly heart rates 
in 20 sedentary indruiduals."* (Bottom) Fourter fits of 
mean hourly heart rates in 42 musicians and 20 sedentary 
windrviduals. 


91-3 beats/min, p < 0-05) (concert 2, 99:3 v 
88-5 beats/min, p < 0-05). Though there was 
no significant difference in the mean maximum 
heart rates achieved by the musicians during 
the two live performances (97-7 v 99-3 beats/ 
min), the six players (all wind and brass) who 
were monitored during both concerts had 
higher heart rates during Rachmaninov/ 
Tchaikovsky (Rachmaninov/T chaikovsky 95-7 
v Strauss/Mozart 90-3 beats/min, p < 0-05). 
The mean maximal heart rate of the string 
section was significantly higher than that of the 
wind section during concert 1, which included 
Metamorphosen by Strauss for 23 solo strings 
(string section 100-2 v wind section 91:8 beats/ 
min, p < 0-05). 

We examined the mean hourly rate responses 
of the management and technical staff to estab- 
lish whether the circadian pattern of heart rate 
responses differed in those who did not play an 
instrument. Figure 3 shows that the manage- 
ment and technical staff had a similar circadian 
pattern of heart rate to that of the musicians, 
with a primary peak in the evening hours. None 
the less, the management and technical staff 
had higher mean maximal heart rates through- 
out the day, and these differences were sig- 
nificant particularly in the periods leading up 
to the rehearsals and the live performances. 
Figure 4 shows the circadian pattern of heart 
rate in the 42 musicians monitored during the 
study compared with that of a group of 20 
sedentary subjects described earlier.” This 
shows that the circadian pattern of heart rate in 
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the musicians was significantly altered at the 
times of the live performarices. 

Analysis of all tape results showed significant 
ST segment changes during the period of 
monitoring in one young subject (2%). -No 
significant arrhythmias were.recorded during 
the monitoring periods. 


Discussion 

For. many years there has been a debate as to 
whether the onset of end points of cardio- 
vascular disease is related to physical 
activity.'°!” Muller et al in a review of circadian 
variation and triggers of onset of acute 
cardiovascular disease concluded that daily 
activities trigger the onset of most cases of 
myocardial infarction and sudden cardiac 
death.'* There are distinctive circadian 
patterns of heart rate’ ’ and of different“disease 
processes,’ with a peak in the incidence of 
myocardial ischaemia,'? acute myocardial 
infarction,’ * and sudden cardiac death?‘ in the 
morning waking hours. Though it is impossible 
to assume a cause and effect relation between 
myocardial ischaemia and the development of 
both acute myocardial infarction and sudden 
cardiac death on the basis of these observations, 
it has been suggested that they may be 
interrelated.'"* The possible importance of 
changes in heart rate in the genesis of ischaemic 
episodes and various cardiovascular end points 
was suggested by the fact that whereas calcium 
antagonists with a coronary vasodilating 
capacity had no effect on the circadian pattern 
of ischaemia’ or myocardial infarction,‘ B 
adrenergic blocking agents, which control 
heart rate and other determinants of myocar- 
dial oxygen consumption (thereby reducing 
myocardial oxygen demand), eliminated the 
distinctive morning peak of ischaemia,’ *! acute 
myocardial infarction,?>* and sudden cardiac 
death.’’ Many studies reported that £ blockade 
was effective in reducing the frequency of 
myocardial ischaemia,” though the under- 
lying pathophysiological mechanisms of 
ischaemia were not clarified. One of the con- 
clusions from the studies of circadian variation 
is that antianginal medications should be given 
to offer maximal protection during the morn- 
ing waking hours, the apparent time of greatest 
cardiovascular threat.'* Control of heart rate 
increase is of importance during this time. 

To establish whether environmental factors 
do indeed significantly alter the recognised 
circadian pattern of heart rate, we studied a 
large group of patients who perform a normal 
day’s work but whose major occupational 
efforts are in the evening. This distinguishes 
them from ‘“‘shift workers’? who maintain a 
normal sleep/wake/work pattern, despite 
having altered sleep/wake temporal patterns. 
We showed a considerable alteration in the 
circadian pattern of heart rate changes in such 
subjects, with the highest peak of activity in the 
evening hours, when most of their work was 
carried out, in addition to the early morning 
increase in heart rate as reported elsewhere.’ ” 
The explanation for this evening increase in 
activity is not merely that of playing an 
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instrument in front of an audience, because the 
same pattern was found in members of the 
management and technical team associated 
with the orchestra. In previous studies on the 
circadian patterns of ischaemia, infarction, and 
sudden cardiac death'*’ a secondary evening 
peak in events was reported. This may have 
resulted simply from the fact that environ- 
mental circumstances lead to more cardiovas- 
cular stress in the evenings in some individuals, 
as shown in this study. . | 

Northcote et al showed a circadian pattern of 
heart rate in individuals with- a sedentary 
lifestyle that included some light activity.” 
This resembled the pattern reported by Millar- 
Craig et al in healthy individuals’—that is a 
peak in heart rate activity in ‘the -miorning 
waking hours and a gradual decline during the 
later hours. The pattern of heart rate changes 
was different in orchestral musicians, who 
work in the evenings as well as during more 
conventional hours, and this pattern of change 
was reproducible on different occasions. 

Though the people we studied had no 
cardiovascular symptoms; individuals with 
asymptomatic or symptomatic coronary artery 
disease are also likely to have similar alterations 
in their circadian pattern of heart rate changes 
in response to environmental stress and 
therefore it is important to tailor medications to 
offer maximal protection, not necessarily in the 
morning,’ but at the times of identifiable 
cardiovascular stress during each patient’s 
working day. We did not study the circadian 
patterns of blood pressure or catecholamine 
release in the present study; however, in earlier 
studies these variables peaked at the same time 
as heart rate changes,’* and they probably 
reflect cardiovascular stress in much the same 
way as heart rate changes do. 

The increased heart rates during the live 
performances indicate the pressure of perform- 
ing for an audience—in the evening the relative 
rise in heart rate from resting values is probably 
considerably greater than the rise recorded 
in the morning. Like Haider and Groll-Knapp 
in their study: of the Vienna Symphony 
Orchestra,” we too found that different pieces 
of music were associated with different levels of 
cardiovascular stress: though the overall chan- 
ges in mean heart rate in both concerts were 
very similar, the heart rate change in the brass 
and wind players who were monitored during 
both concerts was greater during pieces by 
Rachmaninov and Tchaikovsky than during 
pieces by Strauss and Mozart. 

The management and technical staff, who 
were responsible for ensuring the smooth run- 
ning of the orchestra during performance days, 
had higher mean maximal heart rates than the 
players, mainly in the period leading up to the 
rehearsals and live performances. This accords 
with the theory that it is not the type of work 
that increases myocardial oxygen demand but 
the relative demands of getting the work done. 

The lack of significant ST segment changes 
during ambulatory monitoring was somewhat 
surprising because a small but significant 
proportion of apparently healthy individuals 
had “ischaemic” ST segment changes during 
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ambulatory monitoring.” * This finding does, 
however, confirm that screening seldom 
detects abnormalities in apparently healthy 
individuals, even during periods of pronoun- 
ced cardiovascular stress. It also reflects- the 
unique benefits of ambulatory monitoring for 
continuous cardiovascular assessment of large 
numbers of individuals—even during live 
recordings on national radio. Under these 
circumstances we had to use soundless 
machinery. The heart rate findings show that 
in occupations such as symphony orchestra 
members there is a relatively high level of stress 
throughout the day, reflecting what is a long 
day’s work, though the nocturnal heart rate 
pattern resembled that previously reported for 
similar groups of healthy volunteers. 73 To 
optimise treatment in patients with coronary 
artery disease the timing of occupational stress 
should be borne in mind. .. 

We found that the circadian pattern of heart 
rate change was much infiuenced by environ- 
mental factors. The findings of previous 
studies, which identified the morning waking 
hours as the time of greatest cardiovascular 
danger, may in part have been the result of 
studying patients with normal working hours. 
The routine daily behavioural patterns of 
patients should be considered when tailoring 
treatment for optimal protection in patients 
with coronary artery disease. The pattern of 
heart rate (and probably blood pressure and 
catecholamine release) in those who work in the 
evening is likely to be different—with an 
increased risk of the end points of cardiovas- 
cular disease developing at this time. While it is 
not clear whether medical intervention to 
prevent possible triggers of end points of 
cardiovascular disease will reduce such 
episodes, it seems reasonable to assume that in 
patients with coronary artery disease optimal 
protection to minimise the physiological 
responses to stress will be beneficial. In the 
apparently healthy individuals that we studied, 
there was no evidence that any of the recorded 
cardiovascular responses were abnormal. 


We would like to thank the Reynolds Medical Group for ther 
cooperation in supp! the monitoring equipment for the 
periods of study, and the Briush B casting Corporation 
Symphony Orchestra members for taking part in the study. 


1 Mulcahy D, K J, Cunningham D, er al. Circadian 
variation of to al ischaemic burden and its alteration with 
anti-anginal agents Lancet 1988;11:755-9. 

2 Rocco MB, Barry J, Campbell S, et al. Circadian variation of 
transient m ischaemia m patients with coronary 
artery disease. Circulation 1987;75°395—400. 

3 Muller JE, Stone PH, Turl ZG, et al. Circadian variation in 
the frequency of onset of acute myocardial infarction. 
N Bgl J Med 1985;313:1315-22. 

4 Willich SN, Linderer T, Wegscheider K, Schroder R. 
Increased risk of myocardial infarction in the mornings 
{Abstract}. J Am Coll Cardiol 1988,11:28A 


5 Willich SN, Levy D, Rocco MB, Tofler GH, Stone PH, 
Muller JE. Circadian variation in the incidence of sudden 
cardiac death in the Frammgham heart study population. 
Am J Cardiol 1987;60.801-6 

6 Muller JE, Ludmer PL, Willich SN, et al. Circadian 
variation m the frequency of sudden cardiac death 
Crreulation 1987;75 131-8. 

7 Millar-Crag MW, Bishop CN, Raftery EB. Circadian 
variation of blood pressure. Lancet 197833:795—7. 

8 Turton NB, Deegan T. Carcadien variation of plasma 
catecholamine, cortisol, and immunoreactive insulm con- 
centrations m supine ‘subjects. Chn Chim Acta 1974; 
55.389--97 

9 Pa M, Franklin D Diurnal changes in coronary blood 

conscious dogs. Circulation 1987;76.488-91 

10 Tofler GH, Brezmski D, Schafer Al, et al. Concurrent 
morning increase in platelet aggregability and the risk of 
myocardial infarction and sudden death. N Engi J Med 
1987;316:1514-8. 

11 Andreotti F, Khan MI, deBart A, et al. Circadian fluctu- 
ations in endothelium derived fibrinolytic factors in 
relation to the time of onset of myocardial infarction and 
sudden cardiac death [Abstract]. J Am Coll Cardiol 
1988,11:27A. 

12 Angleton P, Chandler WL, Schmer G. Diurnal variation of 
ussue-type plasmmogen activator and its rapid inhibitor 
(PAI-1). Circulation 1989;79:101-6. 

13 Peters R, Muller JH, Goldstein S, Byington R, Friedman 
LM. Propranolol and the mo increase in the 

cy of sudden cardiac death (BHAT study). Am J 
Gardal 1989563" 1518-20. 

14 Quyyum AA, clei L, Wright C, Fox KM. ripe eng fd 

of ambulato segment changes in patients wi 

car ap rs of coronary artery > Investigation 
of the Gequency of nociu raal chacin and ‘coconut 
spasm Br Heart J 1985,53:186-93. 

15 Northcote RJ, Cannmg GP, Ballentyne D. Electrocardio- 
graphic fin in male veteran endurance athletes. 
Br Heart J 1989;61:155—60 

16 Fitzhugh G, Hamilton BE Coronary occhumon and fatal 
angina ris: study of the mmmediate causes and their 
prevention. JAMA 1933;100:475-80. 

17 Master AM. The role of effort and occupation (mciuding 
phymcans) in coronary occlusion JAMA 19603174: 
942-8. 


18 Muller JE, Tofler GH, Stone PH Circadian varaton and 
triggers of onset of acute cardiovascular disease. 
Circulation 1989;79:733-43. 

19 ME, Walters GL, Hendrix GH, Carabello BA, Usher 
BW, S JF Incdence of acute myocardial infarction 
in ents with exercise-induced silent myocardial 
ischaemia Am J Cardtol 1987;59.497-500. 

20 Sharma B, Asmnger R, Francis GS, Hodges M, Wyeth RP. 
Demonstration of exercise mduced painless myocardial 
ischemia in survivors of out-of-hospital ventricular 
fibrillation. Am J Cardiol 1987;59.740—5. 

21 Impen GA, Lambert CR, Coy K, Lopez L, Pepine CJ. 
Effects of titrated beta bl ¢ (metoprolol) on silent 
myocardial ischaemia in ambulatory patients with coron- 
ary artery disease. Am J Cardiol 1981560: 519-24. 

22 Uusitalo A, Arstila M, Bae EA, et al. Metoprolol, nifedipme 

-and combination in stable effort angina pectoris. Am J 
Cardiol 1986,57:733-7. 

23 Quyyuwm AA, Crake T, Wright CM, Mockus LJ, Fox KM. 
Medical treatment of patients with severe exertional and 
rest angna double blind comparison of $ blocker, calcr1um 
antagonist, and nitrate. Br Heart J 1987;57° 505-11. 

24 Wilhch SN, Pohjola-Sıntonen S, Bhatia SJS, st al. 
Suppression of silent ischemia by metoprolol without 
alteration of morning increase of platelet aggregabulity in 
patients with stable coronary artery disease Circulation 
1989;79:557-65. 

25 Egstrup K. Randomised double blind comparison of 
metoprolol, nifedipine, and their combination m chronic 
stable angma effects on total ischemic activity and heart 
rate at onset of ischemia. Am Heart J 1988;116:971-8. 

26 Haider M, Groll-Knapp E. Psychophysiological mvyesiga- 
tions into the stress expen by musicians In a 
symphony orchestra, In: Braumuller W, ed. Srress and 
musc. Medical, psychological, sociological, and legal stran 
factors m a symp ra musician's profession. 
Vienna: “Univeiuts Verlagbuchhandhing. 1981. 

27 Quyyumi AA, Wright C, Fox K. Ambulatory electro- 
cardiographic ST segment changes in healthy volunteers. 
Br Heart J 1983;50:460—-4. 

28 Kohli RS, Cashman PMM, Lahir: A, Raftery EB. The ST 
segment of the ambulatory electrocardiogram in a normal 
population. Br Heart J 1988;60:4—16. 


Br Heart J 1990;64:393-4 


t 
+ 


Royal Infirmary, 
Edinburgh 

M Errington 

P Bloomfield 

Western General 
Hospital, Edinburgh 


I R Starkey 
T R D Shaw 


1 Lauriston Place, 
Edinburgh EH3 9YW. 


Accepted for pubhcation 
25 September 1990 


393 


Patients’ observations of bioprosthetic valve 
failure: “My heart is honking, doctor” 


M. Errington, P Bloomfield, I R Starkey, T R D Shaw 


Abstract 

Audible cardiac murmurs are un- 
common and may indicate severe native 
valve dysfunction. In six patients with 
bioprosthetic mitral valves audible 
honking systolic murmurs suddenly 
developed. Doppler echocardiography 
showed characteristic striated regurgi- 
tant signals. At operation each prosthesis 
had torn cusps. 

New audible murmurs and striated 
Doppler signals originating from mitral 
bioprosthetic valves are indicators of 
cusp tears. Recognition of this is im- 
portant because early detection of pros- 
thetic valve dysfunction may improve 
subsequent surgical outcome. 


Audible honking murmurs have been heard 
throughout the cardiac cycle. Those in dia- 
stole have originated only from abnormal 
aortic valves. They have accompanied aortic 
cusp tears or leaflet prolapse arising either 
spontaneously‘ or from bacterial endocarditis’ 
or syphilitic aortitis.?° 

Audible systolic honks have arisen from 
both the mitral and tricuspid valves. Mitral 
regurgitation in dilated cardiomyopathy,‘ 
mitral prolapse in adults’ and in children, and 
tricuspid prolapse’ have all given honks aud- 
ible to patients, sometimes in amusing or 
embarrassing circumstances.°® Patients’ des- 
criptions of the murmurs differ but similes to 
animal noises are frequently used. We report 
on the menagerie of sounds that developed in 
six patients with mitral bioprosthetic valves 
and discuss their significance. 


Case reports 

CASE I 

A 57 year old woman had had a Carpentier— 
Edwards mitral valve prosthesis inserted 8 
years before. While helping an elderly neigh- 
bour back to bed she was aware of the sudden 
development of a noise in her chest “‘like a 
goose honking’. The noise was so loud she 
could not get back to sleep and she referred 
herself to us because she suspected something 
was amiss with her prosthetic heart valve. 

On examination she had a grade 6/6 honk- 
ing systolic murmur but no physical or radio- 
logical evidence of congestive heart failure. 
Echocardiography suggested a ruptured 
mitral prosthetic leaflet; mitral regurgitation 
was shown at angiography and she underwent 


an operation to replace the prosthetic mitral 
valve. Rupture of one of the prosthetic cusps 
was found at operation. 


CASE 2 

A 62 year old widower had been given a 
Hancock mitral valve replacement six years 
before. He awoke one morning and was aware 
of a noise within the house. He thought this 
was coming from his central heating and bled 
all his radiators but the noise persisted. His 
next thought was that a pigeon was trapped in 
a chimney but after examining all of his chim- 
neys he could not find a bird. Then he re- 
alised with a start that the sound was coming 
from his own chest. He telephoned the hos- 
pital to report this new noise. Acute prosthetic 
mitral incompetence was confirmed by 
examination, echocardiography, and angio- 
graphy. He had a successful repeat valve 
replacement and at operation the original 
prosthesis was found to have a ruptured cusp. 


CASE 3 

After lunch epigastric pain developed sud- 
denly in a 73 year old woman in whom 
Carpentier-—Edwards mitral and tricuspid 
valves had been implanted 11 years before. 
Simultaneously she became aware of a 
“squeaking” from her heart and then she 
became breathless. She was referred to 
hospital where a grade 6/6 honking systolic 
murmur was heard. Echocardiography detec- 
ted leaflet prolapse in the mitral position and 
Doppler echocardiography showed a striated 
mitral regurgitant jet. Angiography confirmed 
severe mitral regurgitation and at operation 
the mitral prosthesis was found to have flail 
torn cusps. 


CASE 4 

A 56 year old woman had had an Ionescu- 
Shiley mitral valve implanted 6 years before. 
Her husband was woken in the night by a 
“squeaking” noise. He searched the bedroom 
for the source of the noise which he eventually 
discovered came from his wife’s chest. He 
woke her and she confirmed his finding. The 
next day in the cardiology clinic a grade 6/6 
honking systolic murmur was easily heard at 
the apex. Echocardiography showed a pro- 
lapsed prosthetic mitral cusp and Doppler 
ultrasound detected mitral prosthetic regur- 
gitation with a striated Doppler signal 
(figure). She was referred directly for an 
operation at which one leaflet of the prosthesis 
was found to be torn at its base. 
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Pulsed wave Doppler echocardiogram from a patient with 
a ruptured cusp of a mitral bioprosthetic valve (case 4). 
The Doppler signal ts striated suggesting harmonic 
summation of the ultrasound signal. 


CASE 5 

A 62 year old man had been given a Xeno- 
medica mitral valve replacement six years 
before. His wife noted a grunting noise one 
morning at breakfast and they located it as 
coming from his chest. He quipped “‘if it’s 
grunting it must be a pig’s valve”. He presen- 
ted himself to our department. A 6/6 honking 
systolic murmur was heard and echocardio- 
graphy and Doppler ultrasound showed 
features very similar to those in case 4. He was 
examined by coronary angiography which was 
normal and was referred for replacement of 
the prosthetic mitral valve. 


CASE 6 

An 83 year old man was kneeling by his bed at 
prayer one evening when he became aware 
that his utterances were accompanied by a 
cooing noise from his chest. That night he was 
troubled by breathlessness. Two days later he 
was admitted to hospital where a tear was 
found in his Hancock mitral prosthetic valve, 
which was implanted six years previously. 
Again Doppler echocardiography showed 
striated regurgitant signals. 


Discussion 

Loud honking systolic murmurs are typically 
associated with mitral valve prolapse’ but they 
have also been noted in patients with regur- 
gitant mitral porcine prostheses.” '' The mur- 
mur is probably caused by fluttering of cusp 
tissue. The striated Doppler echocardiogra- 
phic signals are due to harmonic summation 
of the ultrasound beam reflected from the 
vibrating torn valve cusp. This Doppler 
echocardiographic appearance is characteristic 
of bioprosthetic cusp rupture." 


Errington, Bloomfield, Starkey, Shaw 


All the patients we describe presented 
because they heard a honking murmur. All 
were shown at operation to have rupture of 
the mitral bioprosthetic valve cusp. Acute 
prosthetic valve failure, which can usually be 
confirmed by Doppler echocardiography, 
should be suspected in all patients presenting 
with an audible honking systolic murmur. 
Only two of our patients presented with 
symptoms of breathlessness and in others the 
noise alone was the first indication of failure 
of the prosthetic valve. Surgical replacement 
of biological prosthetic valves carries a 
significant morbidity and mortality once heart 
failure has ensued. Such patients should be 
considered for urgent valve replacement 
before their condition deteriorates; this may 
occur rapidly. This is in contrast with honk- 
ing murmurs associated with native valve 
prolapse which may be heard with all grades 
of severity of mitral reflux and do not imply 
an unstable condition.” 

Failure of bioprosthetic heart valves is more 
common five or more years after implant- 
ation.'’'* There is now a large cohort of 
patients with these prostheses implanted in 
the 1970s and early 1980s. Patients in whom a 
loud new murmur develops at a mitral pros- 
thetic valve should be referred urgently to 
their cardiac centre. 
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Abstract 

Accurate haemodynamic assessment of 
mitral stenosis by hydraulic formulas 
requires measurement of the mean valve 
gradient and the cardiac output. The cal- 
culation is laborious, particularly in the 
presence of atrial fibrillation when 
averaged values obtained from multiple 
beat-to-beat determinations must be 
used. The relations between valve area, 
end diastolic gradient, and heart rate in 
20 patients with mitral stenosis and 
atrial fibrillation were examined. In 
each patient the end diastolic pressure 
gradient for each cardiac cycle was 
related linearly to the RR interval of that 
cycle, and this relation was unchanged 
on exercise. The slope (S) and intercept 
(I) of this relation correlated with the 
degree of mitral stenosis as measured by 
the Gorlin valve area. The regression 
equations describing these relations 
were then used to construct a nomogram 
relating end diastolic pressure gradient 
to mitral valve area at different heart 
rates. When the nomogram was applied 
to catheterisation data from a further 30 
patients the results correlated well with 
direct calculation of valve area by the 
Gorlin formula. The nomogram is 
simple to use, does not require 
measurement of cardiac output, and is 
independent of heart rate so that it is 
unnecessary for the patient to exercise 
during catheterisation. 


Haemodynamic assessment of the severity of 
mitral stenosis from cardiac catheterisation 
data is time consuming, particularly for 
patients in atrial fibrillation. The most 
accurate methods use a hydraulic formula 
such as that of Gorlin and Gorlin,’ which 
requires measurement of the cardiac output 
and the mean mitral valve gradient over 10 
consecutive cardiac cycles (by planimetry or 
from digitised signals). In practice many car- 
diologists rely on the end diastolic gradient 
across the mitral valve.?° Although it is recog- 
nised that this is highly dependent upon heart 
rate,” there are no published tables relating 
end diastolic gradient, heart rate, and the 
severity of stenosis. We therefore examined 


the relation between these variables in order 
to devise a method of estimating the severity 
of mitral stenosis and the mitral valve area 
from the simple measure of end diastolic 
gradient. A simple nomogram was construc- 
ted and the reliability of this approach was 
assessed in another group of patients. 


Patients and methods 

PATIENTS 

Cardiac catheterisation data from an initial 
group of 20 patients were analysed in detail. 
All 20 were judged to have rheumatic valve 
disease on the basis of a past history of 
rheumatic fever and typical M mode echo- 
cardiographic features and all were in establi- 
shed atrial fibrillation. 

To validate the nomogram constructed on 
the basis of the first 20 patients, we analysed 
cardiac catheterisation data in a further 30 
patients. All had moderate or severe mitral 
stenosis; 25 were in established atrial fibrilla- 
tion and five remained in sinus rhythm at the 
time of the investigation. 


MEASUREMENTS 

All patients were catheterised by the Sones 
technique, with an 8 French Sones catheter 
positioned in the body of the left ventricle and 
a 7 French Cournand catheter advanced to 
wedge in an upper lobe division of either the 
right or left pulmonary artery. The electro- 
cardiogram, pulmonary artery wedge pres- 
sure, and the left ventricular pressure were 
recorded simultaneously at high paper speed 
of 100 mm/s and high sensitivity with careful 
calibration and balancing. In each patient 50 
consecutive cardiac cycles were recorded at 
rest, while the patient was supine on the 
cardiac catheterisation table. In 10 patients 
who were able to perform supine straight leg 
raising exercises sufficient to increase mean 
heart rate by > 20%, 50 consecutive cycles 
were also recorded immediately after this 
exercise. Cardiac output at rest was calculated 
by the indirect Fick method. The mitral valve 
area was calculated by the formula of Gorlin 
and Gorlin,' modified to take account of left 
ventricular pressure measured directly.” 

The RR interval was measured from the 
peak of intrinsicoid QRS deflection to the 
peak of the intrinsicoid deflection of the next 
QRS complex; extrasystoles were included in 


396 


interval for each aria 
cycle. 


Figure 2 Examples of the 
relation between mitral 
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the analysis. The end diastolic gradient across 
the mitral valve was measured at the point of 
upward inflection in the left ventricular pres- 
sure trace or, if there was no well defined 
inflection, was taken at the peak of the intrin- 
sicoid deflection of the QRS complex (see fig 
1). 


ANALYSIS 

The relation between the end ‘diastolic 
gradient across the mitral valve and RR 
interval in each subject was analysed by linear 
regression over the range of RR intervals at 
which the end diastolic gradient was greater 
than zero. The goodness of fit in each patient 
was judged by the Pearson product-moment 
correlation coefficient. When subjects were 
compared a normal distribution could not be 
assumed in view of the small numbers (20), 
and so we used the appropriate distribution- 
free statistic (Spearman rank correlation co- 


efficient R). 


Results 

RELATION OF END DIASTOLIC GRADIENT TO RR 
INTERVAL 

The range of RR intervals in each patient was 
(median) 470—1250 ms—the narrowest range 
being 550-1080 ms and the widest range 240- 
1875 ms. The relation between the end dia- 
stolic gradient across the mitral valve and RR 
interval was monotonic, with the end diastolic 
gradient decreasing as RR interval lengthened 
(Spearman R > 0-8 in each of 20 patients) until 
a critical RR interval above which left ven- 
tricular and pulmonary artery wedges 
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equilibrated and the end diastolic gradient was 
zero (fig 2). At RR intervals shorter than this 
critical RR interval the relation was approxi- 
mately linear, and for each patient linear 
regression analysis was used to obtain the best 
fitting equation over this range. Goodness of fit 
judged by the Pearson correlation coefficient r 
over this range of RR was > 0-8 in each 
individual patient. 

Supine exercise performed in 10 patients so 
as to increase mean heart rate by > 20% over 
the resting state did not seem to influence the 
relation of end diastolic gradient to RR interval 
(fig 3). However, there was considerable scatter 
in the data points so that a given RR interval 
was associated with a range of end diastolic 
gradients. It is therefore possible that changes 
in the relation occur on exercise but are obs- 
cured by this variation. 


CORRELATIONS WITH MITRAL VALVE AREA ` 
There were significant correlations between 
the severity of mitral stenosis as measured by 
the mitral valve area calculated according to the 
Gorlin formula and the following variables: 
(a) The slope of the relation of end diastolic 
mitral valve gradient to RR interval correlated 
with the Gorlin mitral valve area (MVA,) for 
that patient (fig 4). The Spearman correlation 
coefficient was R = +0-88(p < 0-005) and the 
linear regression equation was: ; 
slope = 10-4(MVAg) — 1:7. 
(6) The intercept of the relation of end diastolic 
mitral valve gradient to RR interval correlated 
with the Gorlin mitral valve area for that 
patient (fig 5). The Spearman correlation co- 
efficient was R = —0-90 (p < 0-005) and. the 
linear regression equation was: 
intercept = 1460 — 662 (MVA4,). 

Possible covariables in this analysis include 
age, height, and weight. However, the Gorlin 
mitral valve area was not found to be a function 
of age, height, or weight in this group of 
subjects. It is therefore unlikely that they 
confounded the analysis of MVAg, with respect 
to the slope or intercept. 


NOMOGRAM l 
The above regression equations enabled the 
construction of a nomogram relating end dia- 
stolic mitral valve gradient to the Gorlin valve 
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Figure 3 Relation 33 E EER ERE area at a range of different heart rates. Chosen 
ah Ẹ E o Patent 3 on exercise values of Gorlin valve area (2-0, 1-5, 1-0, and 
and RR interval before T oo 0-5 cm’) were substituted in the equations, and 
and after exercise in one : o the predicted lines relating end diastolic mitral 
POSETE 20 cB valve gradient to RR interval were plotted in fig 
g o o 5. Broken lines indicate the limits beyond 
G 060 which there are insufficient data to extrapolate 

Oe a these relations. l Sa 
- z woe, The nomogram permitted rapid estimation 
A of valve area—for example the data in fig 1 
$ : $ ee show a cardiac cycle with RR interval 825 ms 
Se be and an end diastolic gradient of 18 mm Hg. On 
E 0 Oee. eo ee oo the nomogram the estimated valve area lies 


1100 between ,0-5 cm? and 1-0 cm?. Direct applica- 
tion of the Gorlin formula to the catheterisation 
data gave a valve area of 0-68 cm’ in this patient. 


Figure4 (A) Slope and All the other cardiac cycles in this recording 


ea ey lad gave a similar estimate from the nomogram. 

diastole (MVG-ED) The nomogram was validated by analysis of 
relation to RR interval cardiac catheterisation data for a further 30 
oie Gua patients with mitral stenosis (five in sinus 
valve area. rhythm and 25 in atrial fibrillation). The 


Gorlin valve area was first predicted from the 
nomogram by plotting the mitral valve gradient 
at end diastole against the RR interval for each 
of between two and five cardiac cycles. The 
valve area was then calculated directly from the 
indirect Fick cardiac output and 10 plani- 

- metered cardiac cycles by the Gorlin and 
Gorlin formula. In 25 out of 30 cases there was 
agreement, and in only one case was there a 
significant discrepancy (table). 





Discussion 

The dependence of the end diastolic mitral 
valve gradient on heart rate (and on RR 
interval) has long been appreciated.©* It may 
be particularly difficult to interpret the end 
diastolic gradient at extremes of heart rate" and 
in patients in atrial fibrillation. Whereas 
corrections have been described for the effect 
of heart rate on the peak to peak aortic valve 
gradient,’? none has been formulated for the 
mitral valve gradient. Accordingly, supine 
exercise during cardiac catheterisation has for 
many years been advocated as a means of 
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pradients.°° However, exercise during cardiac 
catheterisation is often hindered by patient 
discomfort, poor motivation, and the need to 
maintain sterility.” Increased ventilation by the 
patient may cause wide swings in intrathoracic 
pressure, confusing the interpretation of the 
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that atropine or-dobutamine should be used.” “ 
The converse problem may arise in patients 


Mitral valve areas predicted by nomogram and directly calculated m 30 patients uith hie ace antoa or unwell at ane: time ol 


mitral stenosis } 

catheterisation in whom it is not always possi- 
ene Gorka mitral valve area (cmt) ble or desirable to slow a fast heart rate. The 
prediction (cm?) <05 05-10 10-15 15-20 >20 effects of extreme heart rates on the assessment 
——————_—————$ $$ $$ $$ S$ ——|— may unduly influence the choice between 
at i 3 medical treatment and valve replacement or 
1 0-1-5 3 6 I balloon dilatation if the severity of mitral 
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The problem of differing heart rates in the 
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assessment of mitral stenosis can be partly 
avoided by applying hydraulic formulas to 
catheterisation data to calculate the effective 
area of the valve orifice. The best known and 
most widely used of the hydraulic formulas is 
that developed by Gorlin and Gorlin on the 
basis of Poiseuille’s law and Torricelli’s orifice 
equation.’ This has the general form: 


mean flow rate through valve 
valve area = 


empirical constant x ,/mean pressure difference 


the empirical constant being different for 
mitral stenosis and for aortic stenosis.’ 
Modifications to the original formula’ and 
even new hydraulic formulas”?! have been 
proposed, but the Gorlin formula remains the 
most widely used.*? Estimates of mitral valve 
area by this method correlate well with vaive 
area determined at surgery,’ although there 
may be a tendency systematically to under- 
estimate valve area under conditions of very 
low cardiac output.”” In the present study, 
resting cardiac output was > 2:5 l/min in all 
cases (mean 3-4 l/min), so the Gorlin formula is 
likely to have provided an accurate estimate of 
valve area. 

Non-invasive assessment of the severity of 
mitral stenosis by conventional or Doppler 
echocardiography or both is convenient and 


-reliable.*” However, echocardiography 


requires a skilled operator and clear recordings 
are not possible in up to 10% of patients.” 
Care is needed in interpretation because these 
methods may be inaccurate at fast heart rates 
and at high flows” and when the valve orifice is 
very small.’ Mitral pressure half time in par- 
ticular is influenced by several factors besides 
valve area.” Thus in patients undergoing 
cardiac catheterisation for another reason, such 
as coexisting coronary artery disease, the 
haemodynamic data obtained may be useful in 
assessing the severity of mitral stenosis. 
Hydraulic formulas arguably provide the 
most accurate estimates of valve area,'° but are 
tedious to use and require measurement of 
cardiac output. The labour can be reduced by 


digitisation of pressure signals to enable com- 


puted calculation, but such facilities are not 
widely available. The time taken for accurate 
planimetry led Potanin et al * to suggest super- 
imposition of pressure tracings and visual com- 
parison of areas as an alternative. However, like 
the nomogram of Negri et af* (based on a 
simplified hydraulic formula rather than the 
Gorlin formula) this approach still requires the 
cardiac output to be measured. A nomogram 
relating the end diastolic mitral valve gradient 
and heart rate to valve area might allow 
accurate assessment more conveniently than 
either Gorlin’s original formula or Negri’s 
nomogram. 

Our data suggest that the relation between 
the end diastolic mitral valve gradient and RR 
interval is approximately linear. Regression 
analysis provides an equation for each patient 
that fits the data points well with correlation 
coefficient r > 0-8, provided that care has been 
taken to obtain a technically satisfactory pul- 
monary wedge trace with little respiratory 


- variation in the pressure. This linear relation 


Davies, Gardener, Bowker, Timms, Balcon 


contrasts with the time course of the left 
ventricular-pulmonary wedge pressure differ- 
ence during diastole in each individual cardiac 
cycle, when the pressure difference seems to 
decline in an approximately exponential 
fashion. The explanation for this discrepancy is 
uncertain—it may depend on interactions be- 
tween the length of preceding cardiac cycles 
and haemodynamic factors including left atrial 
filling” and the inotropic®™ and lusitropic?*! 
state of the left ventricle, which may be par- 
ticularly complex in atrial fibrillation.” The 
simplicity of the linear relation between end 
diastolic gradient and RR interval is, however, 
an advantage in the construction of a 
nomogram (fig 5). 

The nomogram is easy to use and a single 
data point may suffice. Any single cardiac cycle 
from the recording in fig 1 gave a point between 
the 0-5 cm? and 1:0 cm? lines of the nomogram 
when the Gorlin calculation gave a value of 0-68 
cm? in that patient. The nomogram was 
validated by comparison with direct calculation 
of the valve area by the Gorlin-fotmula in a 
separate group of 30_patients with mitral sten- 
osis. There was agreement in 25/30 (83%) and 
disagreement in five. The largest difference 
was in a patient with a directly calculated valve 
area of 2:2 cm’, in whom the nomogram 
predicted a valve area of between 1-0 and 1-5 
cm’, Even this difference, although undesir- 
able, was unlikely to lead to a major change in 
the management of the individual patient. 

The high level of agreement between 
nomogram estimates and direct Gorlin formula 
estimates of mitral valve area is perhaps sur- 
prising because cardiac output is required for 
calculation of the Gorlin valve but is not for the 
nomogram. Estimation of cardiac output is 
often inaccurate and this might be expected to 
produce discrepancies between the two 
methods. However, when the two methods 
were compared, the estimates of mitral valve 
area were divided into only five categories 
(corresponding to clinically very severe, severe, 
moderate, mild, and trivial mitral stenosis) 
(table). Thus even a 20-30% error in the 
estimation of cardiac output might not change 
the category of valve area into which the Gorlin 
formula estimate falls. Obviously in a simple 
analysis end diastolic gradient must depend 
upon cardiac output and flow rate across the 
valve as well as upon heart rate and mitral valve 
area. Furthermore, mitral valve area is, to a 
certain extent, influenced by flow rate. The 
apparent independence of the nomogram from 
the cardiac output may simply reflect a narrow 
range of cardiac outputs in the subjects in the 
study, or a systematic relation between valve 
area and resting cardiac output, or both. 

There are several other sources of inaccuracy 
in the data from which the nomogram was 
derived that might reduce the accuracy of the 
nomogram. These are the use of fluid filled 
rather than transducer tipped catheters, the use 
of pulmonary capillary wedge pressure to 
reflect left atrial pressure, and the use of the 
indirect Fick method to measure cardiac out- 
put. 

Another possible cause of error is mitral 
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regurgitation, which leads to greater mean 
diastolic transmitral flow than would be cal- 
culated from the net forward cardiac output. 
This will lead to underestimation of mitral 
valve area by the Gorlin formula, on which this 
nomogram is based.* None of the subjects in 
the present study had mitral regurgitation in 
excess of angiographic grade 2: it is unlikely 
that the nomogram will be applicable in cases 
with severe mitral regurgitation. Subject to this 
restriction, the nomogram may be used in any 


patient in whom a significant end diastolic 


gradient has been recorded and can be related 
to the RR interval. 


CONCLUSION 

In mitral stenosis complicated by atrial fibriila- 
tion, the linear relation between RR interval 
and mitral valve gradient at end diastole per- 
mits the calculation of simple variables that 
correlate with mitral valve area calculated by 
the Gorlin formula. They can thus be used to 
assess the severity of mitral stenosis, and this is 
done most conveniently in the form of a 
nomogram. The nomogram correlates closely 
with the Gorlin hydraulic formula but is 
simpler to use and does not require cardiac 
output measurement. Furthermore, it is 
independent of heart rate and it is therefore 
unnecessary for the patient to exercise during 
cardiac catheterisation. 
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Abstract 

A 40 year old man had an episode of 
severe pulmonary oedema at 4000- 
5000 m during the ascent of the Marg- 
herita peak (5109 m) of Mount Stanley 
on the Ruwenzori. He had taken 
acetazolamide and high dose dexameth- 
asone to treat symptoms of acute moun- 
tain sickness. Six years before he had 
been studied by right heart catheterisa- 
tion as a healthy volunteer during 
hypoxic breathing at sea level. His pul- 
monary vascular reactivity had been 
within the normal range for 32 healthy 
subjects. 

This man had high altitude pulmonary 
oedema despite currently recommended 
treatments for acute mountain sickness 
and normal pulmonary vascular reac- 
tivity to hypoxia at sea level. 


High altitude pulmonary oedema is an 
uncommon but dangerous complication of 
acute mountain sickness that occurs in 
individuals rapidly ascending to > 3000 m. 
High altitude pulmonary oedema is believed 
to be caused by excessive and uneven pulmon- 
ary vasoconstriction in response to hypoxia.’ 
Whether susceptibility to high altitude 
pulmonary oedema can be reliably detected by 
testing pulmonary vascular reactivity to 
hypoxia at lower altitudes remains 
uncertain.'? 

A low rate of ascent and limited exertion 
usually prevent the development of acute 
mountain sickness and its complications. This 
is not always practical, especially during 
mountain rescues and military activities, nor 
is it an acceptable strategy when recreation 
time is limited. Many mountaineers attempt 
prophylaxis with pharmacological agents. 
Only acetazolamide and dexamethasone are 
known to be effective.‘ 

We report a man with normal hypoxic pul- 
monary vasoconstriction at sea level in whom 
severe high altitude pulmonary oedema 
developed despite treatment with 
acetazolamide and dexamethasone. 


Case report 

This healthy 40 year old man flew from Brus- 
sels (sea level) to Kigali (Rwanda) (1500 m). 
He was susceptible to acute mountain sickness 


above 3500 m, but he had completed several 
difficult climbs in the European Alps. The 
day after his arrival he crossed into Zaire and 
drove 350 kni in two days on a dust track to 
Mutuanga (about 1000 m), near the Ruwen- 
zori range. For four days he marched through 
dense and boggy forest and over the muddy 
peat hags leading to the Margherita peak 
(5109 m) on Mount Stanley. With a party of 
two climbers and 10 porters, he carried a 
heavy pack up to the Kalonge hut (2138 m) on 
the first day of the march, to the Mahangu hut 
(3310 m), on the second, and to the Kiondo 
hut (4100 m) on the third. The next day he 
walked down to the Green Lake (3900 m) and 
up again to the Gray Lake (4200 m), at the 
edge of the West Stanley Glacier where the 
party set up a base camp. Since his arrival in 
Kigali he had been taking longacting 
acetazolamide (500 mg per day). On the third 
day of the march, he had a headache, lost his 
appetite, and slept poorly. 

Seven days after his arrival in Africa he 
rested but was sick and drowsy with a head- 
ache, and ate little. He started to take dexa- 
methasone (initial dose 8 mg then 4 mg every 
6 hours). Next morning, after he had taken a 
total dose of 20 mg of dexamethasone, he was 
much improved though still anorectic. Soon 
after starting to lead the ice climb to the main 
summit he became very short of breath and 
coughed up blood tinged sputum. Close to the 
summit (5000 m) intense lassitude, dyspnoea, 
and a thick mist forced him to descend. Back 
at the base camp in the evening he was 
exhausted, very short of breath at the slightest 
effort, had an audible gurgling in his chest, 
blood stained sputum, and was suffocating in 
the supine position. He then realised he had 
high altitude pulmonary oedema and decided 
to try to get to a lower altitude while he was 
able to walk. Together with a companion and 
a porter, he reached Mutuanga the next day in 
the evening. For 48 hours he remained 
orthopnoeic and dyspnoeic on exertion or 
when drinking a beer. A physical examination 
performed by a local physician disclosed 
crepitant inspiratory rales over the lower half 
of both lungs that progressively cleared in 48 
hours. The nearest x ray facility was two days 
drive away. Back in Brussels, physical 
examination, standard blood tests, electrocar- 
diogram, chest x ray, and echocardiographic 
examination were normal. 

Six years before he had been a healthy 


Acute pulmonary oedema on the Ruwenzori mountain range 


40 


kad 
© 


Ppa (mmHg) 
BS 
© 





401 


Upper limit of 
hypoxic normal range 


Lower limit of normoxic 
normal range 


Individuals and groups 


Hypoxic pulmonary pressor responses at sea level, expressed as absolute increases in mean 

(Ppa), induced by an acute decrease in the fraction of inspired o, (FIo,) 

Lairmts of normal (mean + 2 SD) ın 32 healthy volunteers reported by 

the stippled area. Columns 1 and 2 show a subject before and after high altitude y oedema’ 
pulmonary oedema 


five indtorduals with previous high altitude 

with previous high altitude oedema reported 
above 5000 m without high altitude pulmonary oedema 
Jor 44 subjects urth previous high altitude 
al"; columns 12 and 13 show 


high altitude 


oedema 
mean (+ SD) values for five individuals with previous high 
oedema and five controls respectively reported by Kawashima et aF’; 

pulmonary . It is apparent that most indwnduals with previous high 


pulmonary arterial pressure 
om 0-21 to 0-1-0 15 (hatched columns). 
aatje et al? (column 14) arer 
3 co 3 to 7 are 


reported by Hultgren et a°; column 8 ts an mdividual 


PeAazola and Sime‘; column 9 is an individual who went 


columns 10 and 11 show the mean (+ SD) values 
51 controls respectively reported by Viswanathan et 


and column 15 is rips heat case with previous 
tude pulmonary oedema 


have a normal pulmonary vascular reactroity to hypoxia at sea level. 


volunteer in pulmonary haemodynamic 
studies in our laboratory. A detailed descrip- 
tion of the methods used was reported else- 
where.” When he was breathing room air, 
arterial Po, (Pao,) was 12-8 kPa, Paco, 
5-3 kPa, arterial pH 7-42, cardiac output (Q) 
6:43 l/min, mean pulmonary arterial pressure 
(Ppa) 15mm Hg, and mean pulmonary 
capillary wedge pressure (Ppw) 11 mm Hg. 
After 10 minutes of hypoxic breathing (12°5% 
oxygen balance nitrogen) Pao, was 4-8 kPa, 
Paco, 4-8 kPa, arterial pH 7-46, Q 8-4 l/min, 
Ppa 25 mm Hg, and Ppw 12 mm Hg. These 
values were within a normal range (mean + 2 
SD) for 32 healthy young adult volunteers 
(figure). For comparison, the figure includes 
normobaric hypoxic and normoxic Ppa 
measurements in adults with previous high 
altitude pulmonary oedema and in a man who 
on several occasions had walked at 5000- 
5500 m in Nepal without being ill. Most of 
the subjects with previous high altitude pul- 
monary oedema had a normal hypoxic pressor 
response. 


Discussion 

The Ruwenzori is a mountain range about 
30 km north of the equator on the Uganda/ 
Zaire border between lakes Mobutu (former 
Albert) and Amin (former Edward) in the 
great Western Rift Valley. These legendary 
mountains of the moon were known to 
Herodotus in 450 BC when he claimed them 
to be the source of the Nile. For centuries 
they were forgotten until Sir Henry Stanley 
explored them in 1876. The local people call 
them ‘“‘the rainmaker’’ because they are mist 
shrouded and rarely visible. In the centre of 


the Ruwenzori range are six major massifs 
carrying permanent snow and glaciers, includ- 
ing the Margherita peak of Mount Stanley 
(5109 m) the third highest peak in Africa. The 
slopes leading to the main climbing routes of 
the Ruwenzori are steep, with at least 1000 m 
between the huts or shelters. The trails are too 
steep and rough for stretchers; plane or 
helicopter transportation is not organised; and 
medical facilities are remote (at least two days 
of driving on rough dust tracks in good 
weather). 

These were the conditions in which this 
experienced mountaineer developed a lasting 
acute mountain sickness that was eventually 
complicated by coughing, haemoptysis, exer- 
tional dyspnoea, orthopnoea, and audible pul- 
monary rales, all features strongly suggestive 
of an episode of severe high altitude pulmon- 
ary oedema. Because prophylaxis with 
acetazolamide and dexamethasone probably 
lessened his non-respiratory symptoms he 
may have delayed his decision to descend. His 
pulmonary vascular reactivity to hypoxia was 
normal when it was tested at sea level. 

In established high altitude pulmonary 
oedema, mean pulmonary arterial pressure 1s 
considerably raised in the face of normal pul- 
monary capillary wedge pressure or left atrial 
pressures.°* Recent bronchopulmonary lavage 
studies in patients with high altitude pulmon- 
ary oedema showed a considerable increase in 
proteins of high molecular weight, but with- 
out the intense neutrophil accumulation that 
is typical of other forms of acute lung injury.’ 
These data together with results of necropsy 
clearly indicate that in high altitude pulmon- 
ary oedema there is a high permeability lung 
oedema, for which the most likely explanation 
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is a transient increase in shear forces caused: 


by a sudden increase in mean pulmonary 
arterial pressure.’ The finding of a normal 
acute hypoxic pulmonary pressor response in 
some children’ and in many adults? f!" at a 
lower altitude after an episode of high altitude 
pulmonary oedema does not exclude intense 
and possibly uneven pulmonary vasoconstric- 
tion as a contributing mechanism.’ Other fac- 
tors such as reduced atmospheric pressure, 
cold, exercise, or some other yet undeter- 
mined factor enhance the vasoconstricting 
effects of hypoxia in some individuals.” 
Even if a reliable non-invasive measurement 
of mean pulmonary arterial pressure were 
available, its use together with normobaric 
hypoxic testing would be unlikely to identify 
individuals who are susceptible to high 
altitude pulmonary oedema. 

A stop of 2-5 days at an intermediate 
altitude (2000-3000 m) before climbers 
attempt the summit (“‘staging’’) and an ascent 
of less than 300 m per day above 3000 m are 
the conventional measures for avoiding moun- 
tain sickness.'* But such advice conflicts with 
the desire of many travellers to arrive at their 
destination quickly or is impractical on moun- 
tains such as the Ruwenzori because of their 
height and the altitude differences between 
shelters. Prophylaxis with acetazolamide, an 
inhibitor of carbonic anhydrase, reduced the 
frequency of acute mountain sickness by 
30%—-50%.'* Dexamethasone, an effective 
treatment of vasogenic brain oedema, has 
been recently evaluated because brain oedema 
may contribute to acute mountain sickness. At 
high doses this potent synthetic glucocorticoid 
was at least as effective a prophylactic treat- 
ment as acetazolamide.“ Anecdotal reports 
recently suggested that dexamethasone might 
even be effective in the treatment of severe 
acute mountain sickness.‘ There are no data 
on the effects of combined acetazolamide and 
dexamethasone.’ In our patient the addition of 
dexamethasone to acetazolamide resulted in 
such a subjective improvement that he under- 
took an ice climb, but symptoms of a life 
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pulmonary oedema then 
developed. Levine et al showed that dex- 
amethasone improved the symptoms of acute 
mountain sickness in six individuals exposed 
to a simulated altitude of 3700m in a 
hypobaric chamber but did not prevent the 
development of objective physiological abnor- 
malities related to exposure to high altitude." 
Neither acetazolamide nor dexamethasone 
have ever been shown to improve high 
altitude pulmonary oedema.’ * Drug treatment 
should never be used to permit further ascent 
by a patient with acute mountain sickness. 
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Glossopharyngeal neuralgia associated with 
cardiac syncope: long term treatment with 
permanent pacing and carbamazepine 


R Trevor Johnston, Vincent J Redding 


Abstract 

Glossopharyngeal neuralgia associated 
with cardiac syncope developed in a 53 
year old man. Symptoms were con- 
trolled with temporary and permanent 
transvenous pacing and carbamazepine. 


Glossopharyngeal neuralgia with syncope is a 
rare syndrome. It is characterised by parox- 
ysms of unilateral intense lightning pain felt 
deep in the throat and pharynx, radiating to 
the ipsilateral ear, and associated with tran- 
sient loss of consciousness caused by brief 
periods of asystole. Transient cerebral 
ischaemia may cause convulsions. 


Case report 
A 53 year old man was admitted in December 
1976 with a two week history of recurrent 
syncopal attacks. He complained ‘of a severe 
shooting pain in the left side of his throat 
radiating to the left ear, followed by dizziness 
and sometimes loss of consciousness lasting 
for a few seconds. These paroxysms had 
occurred several times a day and were 
precipitated by swallowing (mainly when 
drinking cold beer), chewing, brushing his 
teeth, and sneezing. Three weeks previously 
he had had non-specific “flu-like” symptoms 
with a productive cough, and was treated with 
ampicillin. He had been hypertensive for five 
years, and was treated with methyldopa and 
propranolol. 

The patient was overweight and anxious. 
His oral hygiene was poor. His pulse was 76 
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per minute and regular. Blood pressure was 
170/100 mm Hg. Auscultation of the heart 
and lungs was normal, there were no carotid 
bruits, and there was no abnormality of the 
central nervous system. Ocular fundi showed 
arteriovenous nipping. 

During the initial clinical examination the 
patient had two brief attacks of pain with an 
intense grimace followed immediately by 
complete loss of consciousness. At this time 
the electrocardiographic monitor recorded 
episodes of sinus arrest with junctional escape 
beats (fig 1). 

Glossopharyngeal neuralgia with cardiac 
syncope was diagnosed. Temporary bipolar 
ventricular pacing was established via the 
right subclavian vein. Over the next week the 
patient continued to have neuralgia but was 
protected from syncopal attacks by the 
demand pacemaker (fig 2). 

Further examination of his throat showed 
congestion of the posterior pharyngeal wall 
with oedema of the uvula and tonsillar fauces. 
The left upper molars were loose and carious. 
During the dental examination the patient 
developed typical pain, followed by asystole 
which was interrupted by pacemaker 
intervention. A trigger zone was noted around 
the left peritonsillar and paramolar region, 
which when touched with cotton wool or ethyl 
chloride spray induced an attack. There was 
no evidence of hypersensitivity of the carotid 
sinus—carotid massage on either side did not 
produce significant bradycardia, hypotension, 
or asystole.' Somatic pain produced by 
squeezing the achilles tendon failed to induce 
an attack. 
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sinus rhythm preceding pharyngeal ventricular demand pacing during an 
episode of neuralgia. 


Chest x-ray, electrocardiogram, full blood 
count, and blood chemistry were normal. 
Complement fixation tests for viruses and the 
Paul-Bunnel test were negative. No pathogens 
were isolated from a throat swab. 

After a week, the patient made a spontan- 
eous recovery. The paroxysmal neuralgia 
subsided completely, he stopped needing the 
pacemaker, and the temporary pacing elec- 
trode was removed. There was no immediate 
recurrence in his symptoms or any residual 
electrocardiogram abnormality. 

He remained well and symptom free for 
3 years but presented again in 1979 with 

~ further attacks of severe glossopharyngeal 
neuralgia, again with syncope. Temporary 
ventricular pacing was started and treatment 
with carbamazepine (1200 mg / day). 

- His paroxysmal attacks of pain resolved 
after a two week period. Because of the relapse 
after 3 years, we decided to continue treat- 
ment with carbamazepine and implant a per- 
manent pacemaker to prevent syncope. 
Because of severe caries all his teeth required 
extraction. A computed tomographic brain 
scan was normal and subsequently a program- 
mable VVI pacemaker was implanted. 

Episodes of neuralgia pain continued 
infrequently over the next 5 years. He con- 
tinues to take carbamazepine and was well 10 
years after the implantation of a permanent 
pacemaker; his last attack of neuralgia was in 
1987. He recognises the onset of pacing dur- 
ing some attacks of neuralgia and has had no 
syncope since the pacemaker was implanted. 


Discussion 

Glossopharyngeal neuralgia is rarer than 
trigeminal neuralgia and was first described 
by Weisenberg in 1910 in a patient with 
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tumour affecting the cerebellopontine angle.’ 
In 1921 Harris reported the first idiopathic 
case associated with syncope,’ and Riley et al 
in 1942 reported two cases associated with 
syncope and seizures.‘ Several other cases 
have been reported. Glossopharyngeal neural- 
gia may be associated with trigeminal or vagus 
neuralgia, f hypersecretion of the ipsilateral 
parotid gland,’ cerebral symptoms such as loss 
of consciousness and convulsions in the 
presence of normal heart rate and blood pres- 
gure,’ elongation of the styloid process or 
calcified styloid ligament,’ intracranial 
tumours and vascular abnormalities,” ° multi- 
ple sclerosis," Paget’s disease and carcino- 
matosis affecting the base of the skull,’? and 
after dental extraction.” 

Rushton et al in 1981 reviewed 217 patients 
with glossopharyngeal neuralgia seen at the 
Mayo Clinic; only four had associated syn- 
cope.'* Lee et al in 1975 reviewed 17 cases of 
glossopharyngeal neuralgia associated with 
syncope.” Most were in patients over the age 
of 50 years; there was no sex difference. Most 
patients did not seek medical help for neural- 
gia until they experienced syncopal attacks. 
The latent period from the onset of neuralgia 
to that of syncope varied from a few weeks to 
several years. The onset of the disease is 
abrupt and the pain is characteristically 
paroxysmal,-unilateral, following the path of 
the glossopharyngeal nerve distribution, and 
affecting the left side more frequently than the 
right. ~ 

The presence of trigger zones in glosso- 
pharyngeal neuralgia is less common than in 
trigeminal neuralgia. They are generally 
situated in the peritonsillar fossa of the same 
side, as in our patient. Carotid sinus massage 
is said to be ineffective in glossopharyngeal 
neuralgia, which distinguishes it from the 
hypersensitive carotid sinus syndrome.’ $ 
However, Jamshidi and Masroor and Alpert et 
al described two elderly women with glosso- 
pharyngeal neuralgia with asystole and a 
hypersensitive carotid sinus.” !’ 

The mechanism and exact neural connec- 
tions responsible for bradycardia after the 
neuralgic pain are still not completely under- 
stood. The most acceptable explanation is the 
close anatomical relation of the vagus and 
glossopharyngeal nerves. Sensory impulses 
arising from the posterior pharyngeal wall 
reach the tractus solitartus and its nucleus in 
the medulla oblongata and communicate with 
the dorsal nucleus of the vagus through 


collateral fibres. The dorsal nucleus is the 


principal autonomic nucleus supplying 
parasympathetic fibres to the heart, bronchi, 
and abdominal viscera. The carotid sinus 
nerve (nerve of Hering) is an afferent branch 
of the glossopharyngeal nerve and conducts 
impulses from the carotid body and sinus to 
the medulla and plays an important role in 
the regulation of the heart rate and blood 
pressure. Impulses arising from irritative or 
ischaemic lesions in the peripheral course of 
the glossopharyngeal nerve may reach the 
tractus solitarius and then be relayed to the 
dorsal nucleus of the vagus through 
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collaterals, or there may be a functional 
spillover of impulses via artificial motor-to- 
sensory synapses into the carotid sinus nerve 
as it travels with the glossopharyngeal nerve 
in the region of the jugular foramen.” ® 

It has been suggested that neuralgic pain 
only of extreme severity will activate the 
glossopharyngeal-vagal reflex arc resulting in 
bradycardia, hypotension, and syncope. This 
may be an explanation of disparities in the 
latent period between the onset of neuralgia 
and syncope seen in the various reported 
cases. 

The basic aim of treatment should be 
control of pain, which will in turn prevent 
reflex bradycardia and syncope. This can be 
achieved either medically or surgically. Local 
nerve blocks and spraying of the pharyngeal 
mucosa with local anaesthetic have been used 
but give only temporary relief. In our patient 
local spray with ethyl chloride triggered an 
attack. In the chronic cases intracranial sec- 
tion of the glossopharyngeal nerve is a defin- 
itive and permanent treatment, but leaves 
irreversible and unwanted side effects.” Sur- 
gical resection of an anomalous styloid process 
may be possible.’ 

Treatment with anticonvulsant drugs has 
sometimes been successful. Phenytoin gives 
variable results,’'* but results with carba- 
mazepine have been more encouraging,'*! # 
though this drug may lose its effect with 

* Atropine and isoprenaline have been 
used as temporary emergency measures to 
abolish bradycardia but they have no effect on 
pain. 

Khero and Mullins in 1971 described a 
patient treated by temporary transvenous 
pacemaker while waiting for surgical section 
of the nerve.™ Jamshidi and Masroor in 1976 
and Alpert et al in 1977 treated their patients 
with carbamazepine and permanent demand 
pacemakers because they also suffered from 
hypersensitive carotid sinus syndrome.”’® In 
our patient the carotid sinus was not hyper- 
sensitive and long term treatment with a per- 
manent pacemaker and carbamazepine while 
not completely abolishing neuralgic pain had 
an acceptable outcome. 

Idiopathic glossopharyngeal neuralgia 
associated with cardiac syncope is usually a 
self limiting disease with no reported fatal 
outcome. Spontaneous recovery is not un- 
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common but relapses may occur. We suggest 
that initially it should be treated with 
carbamazepine and a temporary demand 
pacemaker. If, however, the disorder is long 
standing, with a history of remissions and 
relapses, a permanent demand pacemaker 
combined with medical treatment should be 
considered as a more acceptable alternative to 
surgical section of the nerve. 
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Rapid histological changes in endomyocardial 
biopsy specimens after myocarditis 


Anne M Keogh, Margaret E Billingham, John S Schroeder 


Abstract 

The course and response to treatment in 
acute lymphocytic myocarditis are con- 
ventionally monitored by endomyocar- 
dial biopsy performed every 3-12 weeks. 
A patient with a short history (five days) 
of acute myopericarditis of unknown 
aetiology presented in cardiogenic shock 
with evidence of severe systolic dysfunc- 
tion on the echocardiogram. The initial 
biopsy specimen showed histologically 
uneguivocal myocarditis. Repeat 
endomyocardial biopsy after four days 
of treatment with steroids and azathio- 
prine showed substantial histological 
improvement, a reduction in cellular 
infiltrate and myocardial necrosis, and 
interstitial fibrosis. Serial biopsies at 2 
weeks and then 1, 2, 4, 5, 8, and 14 months 
after the initial biopsy showed progres- 
sive clearing of cellular infiltrate, 
increasing interstitial fibrosis, and com- 
pensatory myocyte hypertrophy by 4 
months. At 14 months scattered lym- 
phocytes persisted but myocyte abnor- 
malities had resolved completely. The 
patient remained symptom free and 
systolic function was normal during this 
recovery period. 

Early endomyocardial biopsy (within 
one week of diagnosis) may yield useful 
histological information on the response 
to treatment in patients with myocar- 
ditis. It may not be necessary to wait the 
customary 3-4 weeks to repeat the 
biopsy. This case shows the chronology 
of histological changes and emphasises 
that a return to normal myocardial 
function may precede resolution of the 
histological abnormalities, which may 
persist in part or may resolve totally 
after the acute episode. 


In acute lymphocytic myocarditis, repeat 
endomyocardial biopsy is conventionally 
advised between 3 weeks and 3 months after 
diagnosis.'* While post-myocarditic changes 
remote from the time of diagnosis have been 
described, the detailed time course of such 
changes has rarely been documented.'? We 
report on a patient with myocarditis in whom 
repeated serial biopsy specimens were 
obtained over a period of 14 months after the 
diagnosis of myocarditis, allowing the changes 
between -presentation and recovery to be 
examined. 


Case report 

An 18 year old hispanic girl presented to 
hospital in October 1986 with a 5 day history 
of shoulder arthralgia, fevers, and oral ulcera- 
tion. For 3 days she had experienced vomit- 
ing, pleuritic and right upper quadrant pain, 
and lightheadedness culminating in an episode 
of presyncope. There were no other associated 
symptoms. The patient had previously been 
well and had two uncomplicated pregnancies 
and deliveries. She used alcohol, nasal 
cocaine, and marijuana on occasion. On 
presentation she was pale, unwell, but afebrile 
with a systolic blood pressure of 60 mm Hg 
and sinus tachycardia (118 beats/min). 
Jugular venous pressure was elevated to 
10 cm. A third heart sound was audible. Lung 
fields were clear. There was no lymphaden- 
opathy, thyromegaly, or splenomegaly but the 
liver was palpable 2 cm below the costal mar- 
gin. Hypotension failed to improve with a 
fluid challenge and treatment with dopamine 
6 ug/kg/min was started. Investigations 
included white cell count 11:2 10°/I (nor- 
mal 4-11 10°/l) with a normal differential 
count. The erythrocyte sedimentation rate, 
platelet count, and serum electrolytes and 
creatinine were normal. The serum concentra- 
tion of aspartate transferase was 318 IU/1 
(<35 IU/D, serum alanine transferase was 
normal, creatine kinase was 680 IU/l 
(<215 TU/I) (with the cardiac derived fraction 
representing 6% (0-3%)), and lactate 
dehydrogenase was 1758 1U/1 (<537 TU/l) 
with a hepatic/skeletal muscle fraction of 29% 
(5-16%). 

The electrocardiogram showed junctional 
trigeminy interspersed with sinus tachycardia, 
and left bundle branch block. An electro- 
cardiogram 3 days later showed low voitage 
sinus tachycardia, poor precordial R wave 
development, ST elevation anteriorly, and ST 
depression laterally. Chest x ray showed 
blunting of the right costophrenic angle, a 
normal heart size and contour, and clear lung 
fields. The left ventricle was diffusely hypo- 
kinetic on cross sectional echocardiography 
with an end diastolic diameter.of 4-3 cm (3-7- 
5-7 cm), end systolic diameter of 3-6 cm 
(<3-2 cm), and evidence of reduced fractional 
shortening (16%) on the M mode echocar- 
diogram. There was a small pericardial 
effusion. Cardiac valves and wali thickness 
were normal. A Swan-—Ganz catheter was 
inserted and the right atrial pressure was 
9mm Hg, pulmonary capillary wedge pres- 
sure 13 mm Hg, and cardiac output 3-9 1/ min 
on dopamine. 


Rapid histological changes in endomyocardial biopsy specimens after myocarditis 


Figure 1 Endo- 
myocardial biopsy 
specimen obtained on day 
0. (A) The first biopsy 
showing a diffuse infiltrate 
(arrows), predominantly 
of lymphocytes, with 
myocyte damage (B) 
{haematoxylin and eosin, 
original magnification, 

x 80; inset x 320). 


Figure2 Endo- 
myocardial biopsy 
specimens obtained on day 
4 (A) and in month 4 
(B). The second biopsy 
(A) showed reduced 
infiltrate (haematoxylin 
and eosin; original 
magnification, x 80). (B) 
A biopsy specimen taken 4 
months after the initial 
biopsy showed interstitial 
fibrosis (F) with 
compensatory hypertrophy 
of the myocytes 
(haematoxylin and eosin, 
original magnification, 

x 100). 


An endomyocardial biopsy specimen 
(haematoxylin and eosin stain) showed a dense 
lymphocytic infiltrate with some plasma cells 
and eosinophils and myocyte necrosis (fig 1). 
No viral inclusion bodies, giant cells, gran- 
ulomas or Aschoff bodies were seen. Specific 
stains for amyloid protein and iron were 
negative. The patient was treated with 
methylprednisolone 500 mg/day followed 


by a tapered dose of oral prednisone and 








Histological changes with time 





Day* Biopsy changes 





0 Lymphocytes, plasma cells, eosinophilic infiltrate, 
myocyte necrosis 
5 Focal lymphocytic infiltrate, less myocyte necrosis, 
granulation tissue, fibrosis 
16 Rare eosinophils, fibrosis 
39 Focal lymphocytic infiltrate, fibrosis 
59 Focal lymphocytic infiltrate 
111 Focal lymphocytic infiltrate, fibrosis, myocyte 
hypertrophy 
158 Interstitial fibrosis, myocyte hypertrophy 
229 Interstitial fibrosis, myocyte hypertrophy 
425 Rare lymphocytes only 





* After diagnosis. 
Treatment with methyprednisolone and azathioprine was 
started 24 hours after the initial cardiac biopsy. 
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azathioprine (75 mg/day). Despite runs of 
supraventricular tachycardia and second 
degree Wenckebach phenomenon during the 
initial 24 hours, the patient was symptom free. 
Dopamine was stopped by day 5. A repeat 
echocardiogram after 48 hours of treatment 
showed return of systolic function to normal 
(fractional shortening 29%) and pericardial 
fluid was no longer in evidence. A repeat 
endomyocardial biopsy after 96 hours of treat- 
ment showed greatly reduced cellular infil- 
trate, myocardial necrosis of a lesser degree, 
and the new appearance of fibrosis and gran- 
ulation tissue (fig 2A, table). Serum lactate 
dehydrogenase and creatine phosphokinase 
concentrations became normal after 4 days. 

The cause of the myocarditis was not ascer- 
tained. Viral cultures of blood, sputum, and 
urine were negative as were serological tests 
for hepatitis A and B. Epstein-Barr testing 
was consistent with a past but not recent 
infection, and streptozyme titre, antinuclear 
antigen antibody, and rheumatoid factor were 
all negative. The serum concentration of 
angiotensin converting enzyme inhibitor was 
normal. (Coxsackie, cytomegalovirus, and 
echovirus titres were not measured. Culture of 
a lower lip lesion grew the herpes simplex 
virus (type 1). 

At discharge the patient was taking daily 
doses of prednisone (0:35 mg/kg) and 
azathioprine (1-8 mg/kg) and no specific 
cardiac medications. Treatment was well 
tolerated and doses were tapered off to stop at 
6 months. She remained symptom free. Preg- 
nancy (not advised) was confirmed 14 months 
after diagnosis and a normal gestation and 
delivery ensued. 

Six further myocardial biopsies (all without 
complication) were performed over the ensu- 
ing 14 months and showed persistence of non- 
specific fibrotic changes and development of 
myocyte hypertrophy by 4 months (fig 2B, 
table). Echocardiography continued to show a 
normal chamber size and systolic function. 
She remained clinically well 3 years after the 
initial episode. 


Discussion 
This patient is of interest in several ways. 
Firstly, unequivocal biopsy evidence of 
myocarditis was obtained and immunosup- 
pressive treatment was started within 10 days 
of the onset of symptoms. Despite consider- 
able myocardial dysfunction at presentation, 
clinical improvement occurred within 24 
hours of the start of treatment. Echo- 
cardiographically defined systolic dysfunction 
reverted to normal by 48 hours, consistent 
with reduction in myocyte necrosis. Notable 
points are the rapid development of interstitial 
fibrosis (within 96 hours) and the early 
improvement seen in myocardial damage. 
Despite persistence of a focal lymphocytic 
infiltrate, fibrosis, and myocyte hypertrophy, 
systolic function remained normal and the 
patient remained well. 

Acute inflammatory lymphocytic myocar- 
ditis can be subacute, recurrent, or chronic. In 
some patients normal myocardial function is 


restored and others progress to chronic dilated 
cardiomyopathy.'** The role of immunosup- 
pression is unclear—improvement in treated 
and untreated patients was similar in some 
studies and in others improvement followed 
treatment.?°°° Up to 40% of treated patients 
improve, some returning to normal function, 
while the remainder die or progress to a 
chronic dilated cardiomyopathy.’ Spontan- 
eous improvement was noted in virtually all 
series. There is circumstantial evidence in our 
patient that immunosuppressive treatment 
may have been beneficial and the response 
rapid. 

Progression of histological changes from 
those of acute inflammatory lymphocytic 
myocarditis to interstitial fibrosis, reduction 
in inflammatory infiltrate, and development of 
myocyte hypertrophy were reported within 4 
weeks of initial diagnosis in treated and 
untreated patients.’ In general, repeat. biopsy 
is advised between 3 weeks and 3 months after 
the start of treatment.*?, We know of no reports 
of biopsy as early as 4 days. We found not 
only a reduction in lymphocytic infiltrate but 
also the development of granulation tissue and 
fibrosis within this short period. This 
indicates that earlier myocardial biopsy, even 
within the first week, may, show improvement. 
Myocyte damage was only evident on biopsy 
specimens taken in the first 14 days. Myocyte 
hypertrophy was not evident until almost 4 
months after the initial biopsy. By 14 months, 
however, the histological appearance of the 
specimen had returned to normal and no fur- 
ther biopsies were performed. 
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The lack of relation between the his- 
tological severity of myocarditis and clinical 
outcome has been commented upon before.’ 
In our case too myocardial function was 
normal despite persisting histological abnor- 
malities. Myocyte hypertrophy, a feature 
known to be associated with a better prog- 
nosis, may have had a favourable influence in 
this case. Resolution of histological features 
may lag behind recovery of function. 

A repeat biopsy within a week of the start of 
treatment may give useful histological infor- 
mation in some cases of myocarditis, par- 
ticularly where there is clinical improvement 
and non-invasive evidence of improved car- 
diac function. The histological appearance 
after myocarditis can return to normal even 
after relatively long periods of follow up. 
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LETTERS TO 
THE EDITOR 





@ The British Heart Journal welcomes letters 
commenting on papers that it has published 
within the past six months. 


@ All letters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 words. 


@ In general, no letter should contain more 
than nx references (also typed with double 
spacing). 


Time of occurrence, duration, and ven- 
tricular rate of paroxysmal atrial 
fibrillation: the effect of digoxin 


Sir,-~I read with interest the excellent study 
of Rawles et al (1990;63:225-7) on the effect 
of digoxin in paroxysmal atrial fibrillation. It 
is always a pleasure to see widely held beliefs 
about a commonly used drug overturned by 
careful clinical observation. I would, 
however, take issue with one statement in 
their paper. Rawles et al point out that 
digoxin shortens the refractory period of 
atrial muscle, rendering the atrium more 
susceptible to fibrillation and increasing the 
rate of fibrillation. They suggest that the 
result of the use of digoxin in atrial fibrillation 
is “a compromise between increased fibrilla- 
tion rate and reduced atrioventricular con- 
duction, with the beneficial effect of reduced 
conduction generally predominating.” 

In fact, the increase in atrial rate produced 
by digoxin may be beneficzal in controlling 
ventricular response by increasing 
anterograde concealed conduction. The 
clinical existence of an increased atrial rate 
causing a decreased ventricular response 18 
often noted when atrial flutter with 2:1 
anterograde conduction converts to atrial 
fibrillation, when the increase in atrial rate 
results in a decreased ventricular rate. 

Before conversion to sinus rhythm there is 
a coarsening in fibrillatory waves associated 
with a decrease in the number of wavelets in 
the atrium.’ Experimentally this is associated 
with an increase in ventricular response*—an 
observation we have noted clinically.’ 
Indeed, not only may the effect of digoxin on 
atrial refractoriness be salutary for ven- 
tricular rate control, but some investigators 
have suggested that it is the predomimant 
mechanism by which the drug slows the heart 
rate ın atrial fibrillation.‘ 

RODNEY H FALK 


Boston, Massachusetts 02118, 
USA 
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The electrocardiogram does not re- 
liably reflect the (anatomical) trans- 
mural extent of myocardial infarction 


Sir,~~Metcalfe and colleagues (1990;63:267— 
72) presented an excellent six year follow up 
report of patients admitted to the coronary 
care unit with acute chest pain. The study was 
a well executed, retrospective investigation 
with useful results that accorded with our 
own recent observations. I wish to object to 
one small, but conceptually rather large, 
point. Metcalfe et al repeat a chronic afflic- 
tion of cardiologists—the continual muddling 
of anatomical subendocardial or non-trans- 
mural infarction and electrocardiographic 
non~Q wave infarction. It is well established 
that the electrocardiogram cannot reliably 
distinguish the anatomical mural extent of 
acute myocardial infarcts.'* Most Q wave 
infarcts are indeed anatomically transmural 
and some non-Q wave infarcts are 
anatomically non-transmural (mapping iden- 
tifies additional Q wave zones in some “‘non- 
Q” infarcts in 12 lead recordings). 

On page 270 Metcalfe et al refer to “‘non- 
transmural infarction as we define it’, but 
nowhere does the text give an explicit defini- 
tion; one must assume that they refer here, as 
elsewhere, to non-Q wave infarcts. In any 
case, confounding “non-transmural”’ or 
“subendocardial”’ with non-Q wave infarcts 
would be but a terminological quibble if it did 
not confuse concepts. The electrocardiogram 
is competent only to tell us if an infarct does 
or does not produce Q waves or other QRS 
changes.? We should therefore describe 
electrocardiographic results—the basis of 
Metcalfe et af’s arucle—precisely as what 
is recorded, distinguishing clearly what 
we can see from what we may infer. The 
knowledgeable reader will know the range of 
inferences for any datum and the less well 
informed will be protected from unwarranted 
conclusions. 

Finally, it was not surprising that Metcalfe 
et al did not see “convergence of survival 
curves in the non-Q wave group” which had a 
lower mortality. They reasonably attribute 
this to the smaller infarcts associated with Q 
wave absence. Would they additionally com- 
ment on the convergence of late survival 
curves in the early reports distinguishing Q 
wave from non-Q wave infarction? Since that 
time has treatment advanced sufficiently to 
account for the divergent ultimate survival? 
Were Metcalfe et als non-Q wave patients 
managed more vigorously with £ blocking 
and calcium blocking agents or other treat- 
ments than would have been the case at the 
time when convergence of survival curves was 
reported? 

These remarks are meant not so much as 
criticism but rather to amplify and clarify an 


llent study. 
ee y DAVID H SPODICK 
Cardiology Division, 
Samt Vincent Hospital, 
Worcester, Massachusetts ue RS 
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BOOK REVIEW 





Pearls and Pitfalls in Electrocardio- 
graphy. Pithy, Practical Pointers, Henry 
JL Marriott. (Pp 157; £12.62.) Philadelphia 
and London. Lea and Febiger, 1990 ISBN 0- 
8121-13349. 


Those who roam the vast exhibition areas at 
the major American cardiological meetings 
will certainly have encountered Dr Marriott 
at one of the booths, presenting material 
much like that contained in this book to a 
group ın an open lecture theatre; they will 
have heard his light, yet earnest, admonitions 
about how much you can learn from careful 
scrutiny of electrocardiograms. Some of 
course may have read his larger books and 
already know of his original, sometimes 
idiosyncratic, yet always thoughtful, ideas. 
Until quite recently he would return to 
England every year or two and give a series of 
courses in London and the provinces. He 
makes a point of including nurses and tech- 
nicians in the audience he aims to attract and 
always gives good value. The present book is 
no exception. 

The first part of the title 13 drawn from an 
Oslerian phrase: “pearls are burrs that stick 
ın the memory” and casts no aspersions on his 
readers. There are 70 sections, each covering 
one aspect, usually specific, occasionally gen- 
eral. Some of these segments are as brief as 
five lines but a few occupy more than one side 
of a page. Usually, but not invariably, the 
corresponding illustrations are opposite the 
text, so there is quite a lot of blank space. The 
individual items are important and the 
explanations usually, but not always, lucid. 
Occasionally a favourite phrase could have 
been less elegant but easier to understand, 
such as the heading for figure 39: 
“Anterograde conduction impaired by 
antecedent anterograde concealed conduc- 
tion,” which takes a lot of working out. But 
most of the points are discussed in a helpful 
manner, and some of the pearls are true gems, 
like the very appropriate explanations of 
parasystole and atrioventricular dissociation. 
Occasionally Marriott uses the author’s 
privilege to trot out a hobby horse, an 
example being his personal definition of high 
grade block. 

Many statements are supported by referen- 
ces and he sometimes highlights classic 
observations that deserve recall. Others, like 
the estimation of right ventricular pressure 
from V1, are unsupported. But his favourite 
source of wisdom is Sherlock Holmes, which 
gives you an idea of his approach. You will 
have to follow the master, too, when working 
out the numbering of the figures; the first 1s 
figure 2, a little disconcerting until you realise 
that each figure corresponds to a numbered 
item of text. 

Worth while? Very definitely: an ideal 
Christmas present to the medical and nursing 
staff of a coronary care unit—excellent for 
systematic reading or for the occasional brief 
glance. And if you attend an American con- 
ference and hear that Barney Marriott 15 
giving an extramural presentation, don’t miss 
it either. He is excellent on the rostrum, and 
this book gives you the flavour. 


DENNIS M KRIKLER 
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Stockholm is now a memory. Was ita popular 
venue? Some complained that the hotels were 
very scattered, but-few cities could accom- 
modate so many visitors to a conference 
within easy reach of the conference centre. 
What a pity that London is not able to host 
the annual scientific sessions of the European 
Society of Cardiology; no doubt many other 
organisations would like to meet in London if 
we had adequate facilities for large gather- 
ings. The organisation at Stockholm was 
excellent, There is a clear advantage in the 
same group having similar responsibilities 
from. year to year so that learning curves are 
not repeated. Representanon from the 
United Kingdom was good (a total of 707 
registrants) but this presumably included not 
only cardiologists but also exhibitors and 
spouses. Flights to Sweden became very 
difficult to book in the week or so before the 
conference: here is a lesson that might be 
learned for another day. We record. with 
particular pleasure that two of the three 
named lectureship series of the European 
Society were given by British colleagues— 
both closely associated with the Brinsh Heart 
Journal as Editor and Assistant Editor. Den- 
nis Krikler gave the Henri Denolin Lecture 
entitled “The development of electrocar- 
diography in Europe: a century of progress”. 
Michael Davies gave the Andreas Gruntzig 
Lecture on “Acute ischaemic syndromes: the 
morphological basis”. In addition, Andrew 
Henderson was one of the invited lecturers on 
heart failure in the Joint American-College of 
Cardiology/European Society of Cardiology 
Symposium, 

We return to the subject of audit. (Please do 
not stop reading the newsletter at this point.) 
We all believe in audit, appreciate its value, 
and recognise that we did not have enough of 
it previously. We no doubt suspect that we 
have too much ofitnow Weare assailed from 
every direction: district, regional, and 
national groups all demand our participanon. 
We are aware of three separate initiatives to 
audit the management of acute myocardial 
infarction. We hope the jomt College and 
Society Audit Committee can keep a measure 
of control over events, for otherwise the 
understandable reaction will be to wish to 
avoid cooperating with any of them. Even- 
tually we will achieve a sensible level of useful 
activity, but for the moment audit often 
seems an end in itself rather than a tool to 
improve performance. We are unfamiliar 
with many of its concepts, and so participa- 
tion does not come naturally. Out own com- 
mittee has several projects now under way, 
and has ensured that they are not over- 
ambitious. A pilot study 1s exarnining delays 
in the treatment of acute myocardial infarc- 


uon with participation at present of only five 
district general hospitals. Another pilot study 
is examining the complications of coronary 
angiography in a few major centres——useful 
lessons will surely follow The intention is to 
spread the net more widely for both of these 
inquiries as experience with them grows. 

One form of audit that has been discussed 
is based on visits by one cardiologist to a 
colleague in another centre. The audit com- 
mittee encourages this practice, but it must 
occur with willing cooperation from both 
sides. The major centres already have their 
inspections from the Specialist Advisory 
Committee, so the less formal visits are 
intended for district general hospitals. Visits 
may either be unstructured and based on 
impressions rather than on the collection of 
hard data or structured, with performance 
indicators that can be used for comparisons 
between centres or to monitor change within 
any one centre. The audit committee will not 
at present be directly involved with these 
visits, which will generate very large volumes 
of data that will be difficult to analyse. We 
hope, however, that visits will take place as a 
result of local imimatives. They were pion- 
eered in the South East Region by Richard 
Wray before audit became fashionable, and 
they have proved to be popular. Recently 
visits have occurred across regional boun- 
daries and have been equally successful. The 
audit committee does have suggestions for 
inquiries that could form the basis of a 
structured visit. A questionnaire headed 
“Organisational Medical Audit” has been 
prepared; ıt comprises sections on outpatient 
audit, inpatient audit, and investigation 
audit—a total of 34 questions. The document 
can be sent in advance to the cardiologist who 
is to be visited so that he or she has advanced 
notice of the topics that will be raised. It is 
intended as a model to be used in its entirety, 
or in part, or to generate the determination to 
do something quite different. Having a for- 
mat of this type does, however, overcome the 
potential difficulty of a visiting cardiologist 
having to seek guidance on what he should be 
dong. Those participating will quickly 
appreciate that two districts are being audited 
at once: the visitor will find he 1s refiecting on 
practice in his own unit, and discussing 
differences with his colleague, usually to 
mutual advantage. If you wish to have a copy 
of the questionnaire please contact Nicholas 
Brooks at Wythenshawe—he 1s chairman of 
the audit committee. But he will not want the 
document back when it is completed: the data 
are for local use only. Structured visits to 
district general hospitals will eventually 
become more formal, particularly for those 
participating in specialist training by having 
rotating registrar posts in cardiology. 

Many readers will have known Dumitr: de 
Grunwald, and will have been saddened by 
his death in May. Dimitri had his first career 
m pharmaceuticals, and was a managing 
director by the age of 30. He later joined his 
elder brother to produce films of outstanding 
merit with personalities such as Peter Sellers 
and Sophia Loren. But 1n the last nine years 
of his life he embarked on a new career as a 
consultant to Bayer. With the full support of 
the company, he developed a new concept in 
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workshops that were attended by many of the 
senior academic cardiologists in Britain. The 
formula was good preparation, an attractive 
venue, the most friendly of atmospheres, but 
above all the expectation of hard and produc- 
uve work. Dimitri and his workshops both 
became institutions. His memorial service at 
the Russian Orthodox Church in Kensington 
was attended by cardiologists from many 
parts of the United Kingdom as well as by 
colleagues from abroad and by friends from 
other walks of life. A moving tribute has been 
written by Professor Gus Born. It is much too 
long to be reproduced here, but a brief extract 
may provide the flavour: “Underlying all was 
Dimitris phenomenal good nature: 
phenomenal because it came, not with blind- 
ness to life’s unpleasantness but, on the 
contrary, with the ability to understand peo- 
ple’s problems only too well.” And so indeed 
he did. Copies of the tribute are available on 
request for any of his friends who might like 
one’ please write to Elaine Brown at the 
British Cardiac Society. The tribute gives a 
vivid impression of a remarkable man who 
made his own very special impression on 
British cardiology. 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Soctety 


PAUL OLDERSHAW 
Secretary, British Cardiac Society, 
4 St Andrews Place, 

London NWI 4LB 





NOTICES 





British Cardiac Society 

The Annual Meeting will take place at the 
Scottish Exhibition Centre, Glasgow on 30 
April to 3 May .1991. The closing date for 
receipt of abstracts will be 10 December 1990. 


Hypertrophic Cardiomyopathy Associ- 
ation 

This recently established patient-based 
charity aims to provide information and sup- 
port for patients and their families and to 
increase public awareness of the condition. 
The Association is supported by a medical 
advisory subcommittee. Inquiries to the 
Hypertrophic Cardiomyopathy Association, 
44 Minerva Road, Park Royal, London 
NW 10 6HJ. Telephone 081 963 0020. 


Intensive care and emergency medicine 
The lith International Symposium on 
Intensive Care and Emergency Medicine will 
be heid in Brussels on 19 to 22 March 1991. 
Further information from Professor J L Vin- 
cent, Department of Intensive Care, Erasme 
University Hospital, Route de Lennik 808, 
B-1070 Brussels, Belgium. 
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The books in this series, devoted pharmacodynamics 
to the major diuretic agents, 


| 
address the clinical /research Clinical indications 

| 

| 
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The first major book devoted 
exclusively to this widely used 
diuretic agent. 


interface and will appeal not 
only to those clinicians who 
employ these powerful 
therapeutic agents, but also to 
physiologists, biochemists, 
pharmacologists and 
pharmacists, and to under- 
graduate and postgraduate 
medical students. 


Contraindications, adverse 
effects and toxicity 





Bumetanide in combination with 


Price: £26.50 ($49.50 ISBN-1-871622-02-6 other agents 


Bumetanide dosages and 
: formulations 
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Many medical journals, including the British Medical Journal 
now expect scientific papers submitted to them to contain 
confidence intervals when appropriate. Why? what are they? 
and how do you calculate them? Statistics with Confidence tells 
you. A clear explanation of the reasons for using confidence 
intervals is followed by detailed presentation of methods of 
calculation, including numerous worked examples and specially 
compiled tables. To make things even easier, a computer 
programme, Confidence Interval Analysis (CIA), for calculating 
confidence intervals has been specially designed by Martin 
Gardner and details are available from the Publishing 
Department, British Medical Journal. 

An essential handbook for everybody using statistical methods 
to present their findings (and that means most doctors). 
Statistics with Confidence can also be applied to other 
disciplines—such as engineering, agriculture, and the social 
sciences. 
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Price: Inland £7.95; Abroad £9.50 
BMA Members: Inland £7.45; Abroad £9.00 
including postage, by air abroad 





Order from: BRITISH MEDICAL JOURNAL, PO BOX 295, LONDON WCIH 9TE or any leading bookseller. 
lease enclose payment with order, or send us full details of your ACCESS, VISA or AMERICAN EXPRESS credit card. 
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Tenif Try counting on ‘Tenif’ for | 


effective control 


PRESCRIBING NOTES FOR ‘TENIF’ 
PRESENTATION 

50mg atenolol +20me nifedipine 

DOSAGE 

MANAGEMENT OF HYPERTENSION 
Orally one capsule daily; recommended 
where therapy with either a calcium channel 
blocker or a beta-blocker proves inadequate 
If necessary one capsule twice daily 
MANAGEMENT OF ANGINA - One capsule 
twice daily, recommended where therapy with 
either a calcium channel blocker or beta 


blocker proves inadequate 
CHILDREN - Not recommended 
ELDERLY PATIENTS - Dosage should not 


exceed one capsule daily in hypertension of 
one capsule twice daily in angina 
CONTRA-INDICATIONS 

Heart block, cardiogenic shock, overt heart 
failure. women of childbearing potential 
lactation. Co-administration with 
cardiodepressants e.g. verapamil 
PRECAUTIONS 

Untreated cardiac failure, bradycardia 
anaesthesia. Caution in patients with chron 
obstructive airways disease or asthma 
Withdrawal of beta-blocking drugs should be 
gradual in patients with ischaemic heart 
disease. Withdrawal of clonidine. Co 
administration with Class | antidysrhythmic 
agents. Interactions with cimetidine or 
quinidine 

Diabetes: Diabetic patients receiving Tenif 
may require adjustment of their diabeti 
therapy. Modification of the tachycardia < f 
hypoglycaemia may occur 

Hepatic or renal impairment: in patients with 
marked renal impairment (i.e. creatinine 
clearance below 15ml/min/1.73m2 serum 
creatinine greater than 600 micromol/litre) 
the use of ‘Tenif’ is considered inappropriate 
Care should be taken in patients with marked 
hepatic impairment 

SIDE EFFECTS 

Headache, flushing, fatigue, dizziness and 


oedema may occur Skin rashes and dry eyes | aes . ju i 


have been reported with beta-blockers - 





consider discontinuance if they occur 


Rare reports of jaundice and gingival For patients for whom the recommended dose 


hyperplasia with nifedipine 


in calendar packs of 28, £10.90 


A data sheet is available and should be 


consulted before prescribing 


Tenif' is a trade mar. 


Further information is available on request 


from the Company 


& Stuart Pharmaceuticals 


PRODUCT LICENCE NUMBERS AND BASIC of nifedipine proves inadequate 
x Stuart House, 50 Alderley Road 


NHS COST: 
Wilmstow. Cheshire SK9 IRE 


Tenif’ Capsules 29/0202, 29/0216 
STUART atenolol 50mg, nifedipine 20 mg 
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